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INTRODUCTION 
Rehabilitation research in New Zealand has primarily been on 
returning strip-mined sites (Keating and Buckley, 1981; 
Hawkins and Thompson, 1981; Connolly et al, 1981; McQueen, 
1983, Ross et al, 1985) and dredged land to pasture (Keating 
and Buckley, 1981; Parker and Tinnelly, 1989). There is also 
abundant literature on the rehabilitation of soft rock (sand 
and gravel) quarries (Lucas, 1973; Botham, 1983; Fulton 1989; 
Leslie, 1990). There is, however, little on the 
rehabilitation of New Zealand's hard rock quarries. 
This report describes and evaluates the rehabilitation of 
Halswell Quarry in Christchurch. Part I briefly discusses the 
practice of rehabilitating hard rock quarries, much of which 
is applicable to soft rock quarries and mineral extraction 
sites in general. Part II introduces Halswell Quarry, 
describing its physical state and reviewing its history. The 
rehabilitation programme is described in Part III and 
evaluated in Part IV. A glossary of terms, and additional 
information can be found in the appendices. 
PART 1 - GEIfERAL REHABILITATION 
1 INTRODUCTION 
Quarrying involves the extraction and processing of earth 
materials. This necessarily causes land disturbance which 
disrupts the ecological components of the environment (water, 
soil, plants and organisms) 
interactions between them. 
and destroys 
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the complex 
The aim of rehabilitation is to create a physical condition 
which will allow natural processes to re-establish an 
ecological balance. It is generally impossible to return a 
site to its original condition because of the permanent 
removal of material during quarrying. It is therefore the 
task of the rehabilitator to plan, design and implement a 
programme that creates a new, and possibly improved, landscape 
that is ecologically sound, environmentally appropriate and of 
some use to people. 
2 TERMINOLOGY 
This report deals principally with the rehabilitation of hard 
rock quarries. Jones (1974, p1) defined a quarry as an 
"excavation open to daylight from which material is won from 
the earth to use either in the excavated form or after some 
on-site processing". This discussion is equally applicable to 
the rehabilitation of mine sites, as much of what applies to 
the rehabilitation of quarries is also relevant to mining. 
Restoration, rehabilitation and reclamation are terms commonly 
used in discussions relating to derelict and degraded land, 
industrial areas and mineral extraction sites. Generally they 
describe an action that changes, and possibly improves, the 
site concerned. 
meaning of these 
clarified. 
There is considerable confusion over the 
terms, so it is important that they be 
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Restoration implies 
the condition of 
that once the disturbing action ceases, 
the site (topography, vegetation cover, 
fertility) before the disturbance will be drainage, 
reproduced. 
soil 
This will enable the land to be used in the same 
way as previously. However, because of the extractive nature 
of the industry (mining, quarrying, dredging), restoration is 
rarely, if ever, possible (Law, 1984). 
Reclamation is generally used to mean returning land from an 
abandoned or derelict state to one that is visually 
acceptable, safe and of 
equated with revegetation. 
given that plants control 
some use. Reclamation is often 
This is a reasonable assumption 
erosion, help return soil to a 
useful state and are generally regarded by most as 
aesthetically pleasing. However, revegetation may not always 
be an appropriate option, particularly if it conflicts with 
nearby landuses. Kluesing and Salustro (1987) emphasise the 
importance of reclamation in disguising the negative visual 
impacts, as well as creating positive results from re-using 
land and preserving site history and character. Law (1984) 
included in his definition of reclamation a requirement that 
the post-disturbance site be habitable by organisms present 
originally or by others similar. This definition is somewhat 
narrow and restrictive, and is more akin to restoration. 
Rehabilitation means to return land to a form and condition 
that permits a use different from that which existed 
previously (Down and stocks, 1978). Law (1984) suggests that 
the use conforms to a prior landuse plan, is ecologically 
stable and is consistent with surrounding aesthetic values. 
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Although numerous authors (Down and stocks, 1978; Lyle, 1987; 
Law, 1984; Bradshaw and Chadwick, 1980) agree on the basic 
definition of the term restoration (recreation of original 
topography and re-establishment of previous landuse), the 
terms rehabilitation and reclamation appear to mean different 
things in different countries. Al though ' New Zealand has 
inherited a mix of terms, rehabilitation is most commonly used 
(Fulton 1989), and will be used in this report in relation to 
Halswell Quarry as forward planning was involved in returning 
the site to a new and substantially different use. 
Regardless of the term used (restoration, rehabilitation or 
reclamation) the primary concern should be the functional 
aspects of soil and water, while making the site safe, 
ecologically sound and aesthetically pleasing. It is an 
increasingly important inter-disciplinary subject, requiring 
input from a range of experts including planners, engineers, 
geologists, landscape architects, botanists, zoologists and 
ecologists. 
3 REHABILITATION PRACTICE 
Materials extracted from quarries (clay, sand, gravel, chalk, 
rock) are essential to our wel11being and way of life. They 
f.-
are generally abundant, inexpensive and in themselves 
non-polluting but can only be worked where they naturally 
occur. Due to its extractive nature, quarrying disturbs land 
and in so doing affects the natural balance of the local 
environment. Landforms are modified, drainage disrupted, soil 
structure altered or destroyed, habitats removed, visual 
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appearances changed and future utilisation of the land put in 
jeopardy. Although quarrying may cause pollution (visual, 
noise, water and air) at the time, the greatest concern should 
be over the post-quarrying state of the land and whether it is 
of further use. 
Given this problem, the opportunity exists in rehabilitation 
to manipulate all the components and many of the processes 
acting within the site. These include the topography, 
drainage pattern, basement material, soil horizons, vegetation 
type and landscape appearance. Although many who oppose 
quarrying might say otherwise, it is still possible to improve 
the condition (topography, fertility, soil structure, 
drainage) and potential (be it economic or otherwise) of land 
through rehabilitation. 
company policy, society, 
restrict the opportunity 
However, 
and lack 
to do 
government regulations, 
of time and funds often 
so. Restoration after 
quarrying is generally regarded as impossible as the bulk of 
material excavated is permanently removed from the site (cf. 
metallic ore mining where only 
permanently removed). 
4 MOTIVATION 
a small volume may be 
Many people have an interest in rehabilitation of quarries, 
including the surface owner, the company and, above all, the 
future land users. Each has different objectives concerning 
the utilisation of land and therefore different views on what 
and how much (if any) rehabilitation should be done. 
past, quarrying to provide construction 
In the 
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materials was an end use in itself but pressure from 
environmental groups, society and administrations has resulted 
in governments requiring rehabilitation (Allen, 1983). 
Increased competition for, and demands made on, land and 
resources have resulted in quarrying being seen as only a 
temporary landuse, after which the land must be suitable for 
further use. Demand for land in urban areas may be so great 
that a quarry so located can become highly valued for 
residential, recreational and commercial uses, and may be such 
that competing land values force it to close. Quarries in 
rural areas can be used to relieve pressure from more fragile 
indigenous areas. 
The demand for land will strongly influence the end landuse. 
Britain, for 
land is often 
example, has a strong tradition in farming so 
returned to agriculture. In the united States 
abandoned quarries are used 
to form 
more creatively. Some, for 
while 
land 
example, 
others 
are 
are 
sculptures. 
flooded recreational reserves 
used as golf courses or shaped into 
The recognition of the link between the welfare of humans and 
the health of the planet has led to the widespread acceptance 
of the need to enhance the environment. People generally find 
abandoned quarries aesthetically and ecologically 
unacceptable. An exception to this is the retention of such 
areas as examples of historical landuse. In addition, there is 
an increased awareness of the need to save endangered 
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species, provide and protect habitats, and generally preserve 
the environment for future generations. Recognising the 
demand for land and resources, and the desire to improve the 
environment, governments have introduced legislation to 
protect the environment. In the past there was little concern 
for the land after extraction ceased and little or no remedial 
work was done during or after quarrying. For example, under 
the 1926 Mining Act, New Zealand operators were given the 
option to rehabilitate the site or pay a paltry seven pounds 
ten shillings an acre into the consolidated fund in lieu. In 
addition, the long term nature of hard rock quarrying meant 
that planning permission and controlling regulations were 
often out-dated. As a result, many operators managed to avoid 
the issues of environmental impacts and few made plans for 
quarry rehabilitation. 
The extraction industry in New Zealand now recognises that 
rehabilitation is an integral part of operations. The law 
requires it to plan for and implement a programme that creates 
a landscape that blends with undisturbed land, has suitable 
drainage and soil cover to support vegetation, is ecologically 
safe and permits further use. 
5 PLANNING 
Extensive and effective planning is essential for successful 
rehabilitation. Long term planning is normally undertaken for 
quarrying, and it would be preferable if this was also the 
case with rehabilitation. What must be remembered is that 
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compared to the permanency of land, even a hundred year 
quarrying operation is a transitory landuse in a historical 
sense. Planning must consider the following aspects of the 
site: 
- physical - topography, hydrology, climate, soils 
(physical, chemical and biological properties). 
- biological - vegetation and wildlife. 
- socio-economic - productivity, social and 
historical character, and current landuse(s). 
This information is normally required for the Environmental 
Impact Assessment (EIA) and a detailed record allows a 
comparison of conditions before and after extraction. This can 
be used to assess the suitability of the rehabilitation. Mudh 
of the information can also be used to lessen the impact (air, 
water, noise and visual pollution, erosion) of the operation. 
The existing site condition is then considered in conjunction 
with the quarry plan to determine the character of the 
worked-out site. A choice of final landuse(s) must then be 
made, making allowance for the expected physical condition and 
capability of the site. It is important to recognise that a 
range of landuse options does exist and, for larger sites, 
multiple use may be desirable. 
Soil availability and quality are important in rehabilitation. 
Soils should be mapped, described and quantified so that a new 
soil can be designed. Similarly, the nature of materials such 
as subsoil, overburden and waste rock should be known. Social 
issues also need to be considered as these are likely to 
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change throughout the term of the quarry operation. Having 
established the post-quarrying landuse, the final landform 
must be designed so that it is compatible with the landuse 
objectives. 
In summary, good planning not only allows for the best 
possible quarry from a commercial point of view but is 
essential if the site is to be left in the best possible state 
from an environmental perspective. For this to occur, 
planners and quarry management should take responsibility for 
the environment both during and after quarrying operations. 
They should remember that "landuse is good, wise landuse is 
better and continuous landuse is better still" (Fulton, 
1989). 
6 LANDSCAPE APPEARANCE 
Quarrying as a landuse is described primarily by form, colour 
and texture (Ministry of Works and Development, 1983). Ledge 
.(hard rock) quarries such as Halswell Quarry have a visual 
impact beyond the immediate vicinity due to the vertical 
rather than horizontal nature of the operation (cf. layer 
quarries, ego shingle pits). 
Site planning is necessary so that the visual impact is 
reduced. If planning is adequate, the appearance of natural 
and human-made objects will be simple and easy to understand 
rather than chaotic and disturbing (Lucas, 1973). The visual 
inter-relationship of features must be co-ordinated in order 
to create the desired harmony. Objects and landforms will be 
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visually compatible if they are organised on the basis of 
complementary size, shape, colour and texture. 
within a quarry, views of appealing features and interesting 
activities can be accentuated by appropriate landscaping and 
planting. Similarly, unsightly landforms or objects can be 
visually subdued or masked by suitable planting. For example, 
the apparent shape, size and colour of spoil heaps can be 
altered using various combinations of plants. 
7 IMPLEMENTATION 
If planning is appropriate and fully implemented, the 
rehabilitated site may be worth more in dollar terms and/or be 
valued more highly than before quarrying. For example, it may 
be impracticable to return farmland to a productive level but 
possible to increase its value as a recreational facility. A 
typical rehabilitation programme comprises four stages - bulk 
earthmoving, soil reconstruction, vegetation establishment and 
maintenance. 
7.1 Earthmoving and Grading 
No use can be made of quarried land until it is made safe. 
Steep faces need to be fenced or reduced by selective 
blasting; pits and shafts need to be filled or closed; 
structures, plant and buildings have to be . demolished, 
dismantled, buried or removed; chemicals and toxic material 
have to be isolated, removed or sealed and buried; and 
erosion and runoff controlled. This work not only reduces the 
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risk of injury but also reduces the evidence of human 
intervention and therefore makes the site more visually 
pleasing. 
once the site is safe, earthmoving and grading can be carried 
out to integrate the site into its surroundings and to provide 
a suitable base on which to establish the desired landuse 
concept. Having reduced high walls by blasting, fill slopes 
need to be compacted to reduce instability. However, the 
surface of cut slopes may need to be loosened to facilitate 
vegetation establishment. Long, steep slopes should be 
benched to reduce the effective slope length, thereby 
minimising the erosive capacity of runoff. 
The next step is to grade the quarry floor according to the 
requirements of the desired landuse and intended drainage 
pattern. Gradients of 1:4 - 1:10 are suitable for forestry, 
while agriculture requires gradients of 1:20 - 1:50 (Krause, 
1969). Even if flat land is desired, a 1:30 - 1:50 gradient 
is recommended to prevent closed depressions forming from 
differential settling. This will still allow the capture of 
runoff (Jansen and HeIsted, 1988). All suitable on-site 
material should be utilised as importing material is 
prohibitively expensive. Fine, inert material such as clay 
may be utilised to seal toxic material, help drainage or line 
lake floors and sides. Coarse material may be utilised in 
rubble (French) drains, behind retaining walls (gravels) or 
used in landscaping (boulders). 
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7.2 Soil Reconstruction 
soil reconstruction follows grading and involves the recovery 
and re-use of soil material (topsoil and subsoil), overburden 
and waste rock. The aim is to provide a growing medium in 
which plants can be established and grown, and is therefore 
one of the most important tasks in rehabilitation. 
Rehabilitation will be more successful if soil can provide a 
suitable rooting medium and a good nutrient supply throughout 
the root zone. 
Reconstructed soil must have the physical structure, chemical 
composition and biological qualities required for the intended 
post-quarrying landuse. It can be constructed using pre-aged 
(weathered and leached) geological material (gravel, sand, 
silt, clay, soil) with suitable treatments and amendments. 
Organic matter is essential in developing good growing 
conditions because it provides nitrogen, sulphur and potassium 
through decomposition. It also has a high cation exchange 
capacity, which enables it to act as a major reservoir for 
nutrients. In addition, organic matter can improve structural 
and water retention properties. 
Soil reserves and properties need to be surveyed to record 
physical character (particle size, density, pore size 
distribution, moisture retention capability, strength); 
chemical composition (acidity/alkalinity, nutrient levels, 
cation exchange capacity, electrical conductivity) and 
biological components. It is essential to use all available 
on-site soil as the best constructed soil is normally less 
productive than the in-situ soil. Field trials of 
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soil/overburden mixes, vegetation types, treatments and 
amendments will indicate which of the many options are most 
suitable. 
7.2.1 Soil Material 
Earth materials found in quarries may be classed as fertile 
(eg. topsoil, subsoil), inert (eg. overburden) or toxic. The 
aim should be to use the first two, and remove, or seal and 
bury, the third. Topsoil is generally considered to be the 
best growing medium because of its desirable physical 
characteristics (structure and texture), high fertility and 
high organic content (Power, 1978; Parker and Tinnelly, 1989; 
Bradshaw and Chadwick, 1980). The depth of soil required will 
depend on the type of plants to be grown and the nature of the 
underlying material. A 0.1 m layer is sufficient for a good 
seed bed but plants will still have to obtain water and 
nutrients from the material beneath. For a grass sward to be 
totally self-sufficient 0.25 m is needed while trees require 
even greater depths. Power (1978) found that in all cases 
regardless of treatment and amendments, wheat yields increased 
as soil depth increased. 
Although topsoil is generally the most suitable medium in 
which to plant, there are disadvantages in its use. If none 
is available on-site it is likely to be expensive and may have 
an inflated price if near an urban area. Topsoil is also 
susceptible to damage, can be of lower quality than available 
subsoil or may be too fertile for the intended use, resulting 
in rampant growth. It may also contain seeds of undesirable 
/ 
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plants, although this is of minor concern as weeds can be 
easily controlled whereas good topsoil cannot be easily made 
(parker and Tinnelly, 1989). 
7.2.2 Surrogate Soil Material 
AS a result of less desirable characteristics and lower 
fertility, mixes of topsoil and subsoil, and subsoil alone are 
generally less satisfactory than topsoil (Power, 1978). 
However, in some situations mixing of soil horizons and/or the 
inclusion of non-topsoil material is beneficial, particularly 
if the existing topsoil is poor. For example, shale 
overburden at the Bowen Basin Coalfield in Australia weathers 
rapidly to produce a productive soil (Bradshaw and Chadwick, 
1980). Overburden often has good potential soil forming 
properties but lacks the nutrients and organic matter of 
topsoil. This can be corrected by adding soil, applying 
fertiliser, and using composts and mulches. 
The emphasis when mixing potential soil materials should be on 
the properties that influence their usefulness as a growing 
medium. This may involve a compromise as it may be necessary 
to sacrifice fertility to obtain suitable moisture storage 
and drainage characteristics. The aim in this case should be 
to construct a loam, having desirable qualities of both sand 
and clay. Similarly, drainage and water retention properties 
of an existing soil can be improved by adding sand or clay 
respectively. 
/ 
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7.2.3 Handling and storage 
Generally the best results are obtained when soil horizons are 
stripped, stored and replaced separately (Bradshaw and 
Chadwick, 1980). In the interest of preserving soil structure 
and avoiding double handling, soil should be stripped and 
redistributed immediately. The appropriate scheduling of soil 
handling operations is crucial to preserving soil structure 
and is therefore an important operation. Soil moisture 
deficit readings are used to determine when certain soils may 
be safely moved. Fine grained (clayey) soils should only be 
relocated when the moisture content is below its plastic 
limit. Cohesionless (sandy) soils on the other hand have no 
plastic limit, so can be moved any time below the point of 
saturation. All soil operations (stripping, loading, 
spreading) should be carried out by appropriate low 
ground-pressure machinery, using a routing system that avoids 
repeated tracking and compaction (refer Figure 1). 
Any soil or potential soil material that has to be stockpiled 
should be placed on a stable area that will not be disturbed, 
and protected from wind and water erosion by drainage 
facilities and vegetation cover. Topsoil, in particular, 
deteriorates and acidifies due to anaerobic decay of organic 
matter when stockpiled. To avoid this problem it has been 
suggested that soil stockpiles be limited to 2 - 3 m in height 
(R. Stewart, 1992, pers. comm.). 
/ Soil surface reinstatement with CGrlh scrapers: lal indiscriminate running over the site; Ibl improved method keeping to whooltracks; ....... Icl improved method with no running ovcr Iho ,.... 
reinstated surface. Subsoiling of Intermediate 
layers will be necessary to relielle heavy 
compaction caused by earth scraper 
Reinstated soil surface ____ --
~ Topsoil dumped 
and spread by 
~ e~calla~~~SOIl dumped . _ and sproad by -~~ . dOlor ·l ~ . ~ .. .. -~ 
:/.p; / ~ ~~N'" /oY /" " ,.,-
. '" / Scor illed surface 
,/ ~/> / 
Reinstatement of topsoil and subsoil layers by 
dumper and 8XC8vator. Soil material is dumped 
on tho lill surface and moved to its linal position 
by e~cavator or dOlor. There is no running over 
the reinstated surface. 
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Reinsleted laver 
... - .... .. ~-;-.. . . _ .. 
C(~~~~:.:. : ~~. .. - .. 
. . .. 
(0) .;.', Stockpile , • ~ • 
Reinstated layer 
/j///7~ 
" " " I ( I , I I I I I I 
\ \ \ \ 
\ \ \ ' 
Icl '" • • . •• ~lo~'piI~ • 
Figure 1. Techniques for spreading soil with 
heavy machinery. [Coppin and Richards, 1980, p98] 
7.2.4 Treatments and Amendments 
Several treatments useful for amelioration of adverse site 
conditions are outlined in Table 1. Deep tillage improves 
soil aeration, removes sharp boundaries between horizons and 
permits greater root penetration. Such treatments should be 
performed before topsoil placement to prevent unnecessary 
compaction. 
Reconstructed soils will generally be nutrient deficient so 
require chemical and organic inputs. The addition of nitrogen 
will often give the greatest benefit because a N deficiency is 
usually the most limiting factor on vegetation growth (Coppin 
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~-----------------------------------------------------------Texture Moisture Factors 
Too Too Too Too Unstable Compac- Nutrient 
fine coarse high low surface tion Toxicity deficit 
------------------------------------------------------------
n~atments 
Time -
weathering + + (+) 
Slope 
reduction (+) (+) + 
compaction + (+) + 
Ripping + + (+/-) + 
Drainage + + 
Irrigation + (+) 
vegetation (+) + + 
Amendments 
Liming (+) (+) 
Fertiliser (+) 
Inorganic 
additives + + (+) + (+/-) + (+) 
Organic 
additives + + + + + 
Table 1. Treatments and amendments available to 
ameliorate adverse site factors (- deleterious, 
+ improvement, () depends on site and material). 
[after Coppin and Bradshaw, 1982, p51] 
(+) 
(+/-) 
+ 
(+ ) 
+ 
+ 
(+ ) 
and Bradshaw, 1982). Nitrogen levels need to be 700 - 1000 
kg/ha before non-nitrogen fixing plants can easily be 
established. Because nitrogen is produced slowly through 
natural colonisation, it is necessary to apply N fertiliser 
and/or establish legumes to fix nitrogen. Phosphorus 
encourages vigorous growth and stimulates root formation, and 
hence enables high rates of nitrogen fixation by legumes (Hart 
and Milne, 1986). Other necessary nutrients will be supplied 
from the breakdown of soil minerals and from rainwater. 
Organic matter is important for developing a soil structure 
with suitable moisture properties and is generally added in 
the form of mulches and composts. Organic and inorganic 
/ 
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mulches protect soil, modify moisture and heat transfers from 
the surface, and can contain seed and nutrients. The nutrient 
status of common organic and inorganic amendments is shown in 
Table 2. 
------------------------------------- ----------- ---- .-------
Composition (%) 
Material N P K OM 
Application 
rate (tjha) 
--~----------------------------------------------------------
organ;iQ 
Farmyard manure 0.6 0.1 0.5 24-50 5-40 
pig slurry 0.2 0.1 0.2 3 5-20 
poultry manure - broiler 2.3 0.9 1.6 60-80 2-10 
- battery 1.5 0.5 0.6 35 2-10 
Sewage sludge - digested 2.0 0.3 0.2 45 5-50 
- raw 2.4 1.3 0.2 50 5-50 
Mushroom compost 2.8 0.2 0.8 95 5-20 
Domestic refuse 0.5 0.2 0.3 65 20-70 
Brewery sludge 1.5 0.9 0.3 5-20 
Peat 0.1 0.005 0.002 50 5-10 
Straw 0.5 0.1 0.8 95 5-20 
Sawdust 0.2 0.02 0.15 90 } 10-30 
Woodchips 0.2 0.02 0.1 90 }- (3-9 cm 
Bark 0.3 0.09 0.7 90 } layer) 
Inorganic 
Building rubble 0.05 1.8 2.0 0.5 
Colliery spoil 0.03 0.04 0.4 0 
Pulverised fuel ash 0 0.05 2.2 0 
Table 2. Composition of common organic and 
inorganic amendments (N nitrogen, P phosphorus, 
K potassium, OM organic matter). 
[after Coppin and Bradshaw, 1982, p53i and 
Bradshaw and Chadwick, 1980, p8l] 
The management and use made of rehabilitated land will 
influence soil development and its sustainability. Monitoring 
of soil is important because it is largely the soil that 
determines the ease with which vegetation will establish. 
Penetration resistance and compactability can provide useful 
measures of physical suitability, while use of soil microbial 
biomass could be used to indicate changes in soil organic 
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matter (abundance of soil fauna and micro-organisms depends to 
a large extent on carbon supply derived from plant biomass) 
(Hart and Milne 1986). 
7.3 Plant Selection and Establishment 
Vegetation selection must include consideration of the 
physical condition of the site. Plants must be ecologically 
appropriate, climate tolerant and pest resistant. The 
intended role of the plants is also very important. For 
example, are they to be used as a nursery crop, to raise soil 
fertility, to control erosion, to provide shelter, block out 
dust and noise or screen views?, Final selection is best left 
to an expert, although local knowledge can be tapped to find 
out which plants are suitable for local conditions. No one 
species will normally have all the desired properties so a 
variety will be planted, thereby utilising the combined 
beneficial properties of all (refer Table 3). 
Vegetation establishment is crucial in rehabilitation as 
plants have many beneficial properties. Typically plants 
protect, bind and stabilise soil, improve structure, raise 
fertility, screen views, and provide shelter and habitats. 
Plant establishment may be by ground or aerial seeding 
(drilled, broadcast or hydroseeded) or by planting entire 
plants or cuttings. The role of plants is so important that 
the establishment of vegetation is regarded as an integral and 
ongoing component of rehabilitation. 
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7.4 Post-rehabilitation Maintenance 
-------------------------------- -- ------------------'-------
Ground Cover Trees and Shrubs 
criteria Agric- Sports/ Under Erosion 
ulture amenity trees control 
Forest Wood Screen 
-land -ing 
------------------------------------------------------------
Climate 
Drought 
Frost 
Exposed 
Cold 
Landuse 
Nativeness 
Palatability 
Productivity 
screening 
Timber 
Soil 
pH 
Fertility 
Texture 
Soil depth 
Moisture 
Flooding 
Pollution 
Role 
Pioneer 
Climax 
N-fixation 
Quick growing 
Plant habit 
Height 
Growth rate 
Rooting depth 
Disease 
resistance 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
--
X 
(X) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Table 3. Species selection criteria 
X 
X 
X 
X 
X 
X 
(X) 
X 
X 
X 
X 
X 
(X) 
X 
X 
X 
(X important factor, (X) in some cases). 
[after Coppin and Bradshaw, 1982, p66] 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Post-rehabilitation maintenance aims to monitor and manage the 
progress and development of soil and vegetation. Work 
primarily involves maintaining the desired vegetation cover 
through post-planting release cutting, pruning, thinning, 
spraying, replacement planting, fertiliser application, 
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irrigation and control of stock. Pruned herbage should be 
left on site to increase organic reserves in the soil, help 
maintain soil moisture, provide soil protection and reduce 
weed growth. Diseases and pests must also be controlled. 
Drainage structures may require attention to ensure adequate 
control of runoff is maintained. Sediment must be trapped and 
clear water released into natural waterways through 
appropriate structures. Ongoing management practices should 
include retreating damaged areas while maintaining the 
soil/plant system and facilities such as fences, access ways 
and buildings (refer Table 4). 
These activities are particularly important in the years 
immediately following rehabilitation as it is during this time 
that the site is most at risk. Long term monitoring of soil 
properties 
levels) and 
(structure, fertilrty, organic matter, toxicant 
plant growth (density, growth rates, dry matter 
production) will indicate the quality of rehabilitation, with 
soil development and vegetation growth adequate to support the 
desired landuse activity. The success of rehabilitation may 
be judged by crop productivity (yield per hectare), pasture 
production (stock units supported) or biomass produced. 
Although fertiliser may 
(refer section 7.2.4), 
have been applied at planting time 
additional applications may be 
required. If leguminous plants cover 30% or more of the 
surface, suffic1ent nitrogen will be provided for non-nitrogen 
fixing plants. Otherwise repeat applications of N will be 
required. There is often an initial deficiency of phosphorus 
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-----
---------------_._-------_._------------_._--------------
year Grassland Amenity Forestry/woodland 
-------------------------------------------------------------
1 Check establishment 
of grass & legumes. 
Fertilise and cut 
or graze. 
2 Begin grazing. 
Check legume. 
Fertilise. 
Fence. 
3 Check progress -
soil nutrients 
and sward. 
Fertilise. 
4 Fertilise and 
lime as necessary. 
~ Install drainage 
if required. 
Reseed and 
fertilise. 
Long term 
Replace sward 
every 5 - 10 years. 
Check fertility 
regularly. 
Check grass, 
shrubs and trees. 
Cut and replace as 
needed. 
Fertilise. 
cut if necessary. 
Release cut. Fence. 
Check progress of 
grass and plants. 
Cut if necessary. 
Fertilise. 
Fertilise. 
cut if necessary. 
Install drainage 
if required. 
Check fertility. 
Fertilise and cut 
as required. 
Annual pruning and 
cutting. 
Replacement 
planting as 
required. 
Check trees. 
Arrange replace-
ments. Weed (cut 
or spray). Fence. 
Check growth. 
Fertilise 
Release cut. 
Check growth and 
soil fertility. 
Fence & fertilise 
as necessary. 
Check growth and 
fences. 
Check growth and 
soil fertility. 
Fertilise as 
necessary. 
Check fertility & 
timber quality. 
Adopt good forest 
management 
techniques. 
--,------------------------------_._---"------------_.-----------
Table 4. Management strategy for first five 
year period following rehabilitation. 
[after Coppin and Bradshaw, 1982, p90] 
rlJ'( l but once added/tends to remain. ;.. Potassium is held in soil 
minerals so is not normally needed. Slow release fertilisers 
should be used as reconstructed soil has little ability to 
retain nutrients. Lime can be added to reduce acidity and 
solubility of toxic elements. 
Organic matter is important for developing a soil with 
suitable moisture properties and is generally added in the 
form of mulches and composts. Like fertiliser, mulches may be 
applied at planting time and/or at a later date. 
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aiological additions may also help soil development. Worm 
activity, for example, is the 
soil can be made but 
underestimated. Worms eat 
only process by which a fertile 
is frequently overlooked or 
the top 0.3 - 0.4 m, thoroughly 
mixing organic and mineral matter. Worms can be introduced 
and increased by spreading compost, manure or mulches 
containing egg capsules, or by using turf blocks. 
8 USES OF QUARRIES 
The use made of abandoned quarries should depend on the needs 
of the local community, pressure on land, landuse patterns and 
priorities, and the physical capacity of the site to support 
the intended activity (landuse capability). In some 
situations a combination of uses may be more appropriate than 
a single use. 
Although the site may be improved in terms of its economic 
value, it will often be assessed on its visual, recreational, 
ecological or other non-economic potential. Coppin and 
Bradshaw (1982) have a detailed discussion of after-use 
possibilities for quarries. The eventual use of a site should 
be determined as early as possible. Possible uses for various 
types of mineral workings are outlined in Table 5. 
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.... ------------ ---------------- -------------------------------
Excavations 
possible Uses Deep Shallow 
Spoil Tips 
Steep Graded 
wet dry wet dry 
-
-----------------------------------------------------------
original use X X 
Agriculture X XX 
Horticulture X X 
Forestry XX X XX 
Fish farming X XX 
sport and intensive X X XX XX 
(active) recreation 
Non-intensive (passive) X XX XX XX X 
recreation 
Wildlife conservation X X X X X 
and education 
Housing and Industry X 
Water storage and flood X X 
. control 
* Landfill/waste disposal X X 
Table 5. possible uses for various types of mineral 
workings, based on their physical c~aracteristics. 
(possibilities: XX major, X minor, temporary use). 
[after Coppin and Bradshaw, 1982, p21 and Bennett 
et al, 1982] 
X 
X 
X 
X 
The wide range of possible uses is illustrated by the 
following New Zealand examples; Mount Smart sports stadium 
(shingle quarry), Eden Gardens in Auckland (hard rock quarry) 
and the following activities in various Christchurch shingle 
pits: 
- various reserves and recreational areas (Peacock 
Springs wildlife reserve, Groynes wildlife and 
picnic area); 
- Isaac salmon farm on McLeans Island Road; 
fire wood production and hydroponic glasshouses in 
Pavroc's Miners Road quarry; 
- Hornby BMX track; 
- various administrative buildings, machinery workshops 
and vehicle depots; 
- proposed Ruapuna speedway track; 
- recreational lakes on Greywacke Road. 
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Abandoned quarries are often thought of as blots on the 
landscape. However, there is a growing feeling in some groups 
of the community that the wholesale manicuring of these sites 
is inappropriate. Quarries are an example of historical 
landuse and by their very nature display information about the 
earth that may otherwise be unattainable. Therefore, quarries 
are being recognised as important sites for research, training 
and education by professional organisations, educational 
institutions, clubs and amateurs alike. There is widespread 
interest overseas in the preservation of and access to 
exposures of geologically important structures, rocks, 
minerals and fossils, known in Britain as earth science 
conservation. This additional factor must now be included in 
the rehabilitation equation. 
C1r 
While recognising there are only eight internationally 
significant geological sites in New Zealand (Weaver et al, 
1990), earth science conservation philosophies and techniques 
should be considered in local rehabilitation programmes. 
Similarly, although there are only a few mining/quarrying 
sites of historical importance, many exhibit rocks and 
features useful for interpreting New Zealand's complex 
regional and local geology. 
9 TIMING AND COST 
Although rehabilitation is more costly than abandonment in the 
short term, it is a more acceptable alternative for both 
present and future generations. It is generally more 
difficult and costly to achieve if left until quarry closure 
when irreparable environmental damage may have already 
occurred. Any environmental damage limits the after-use 
potential and value of the site. The corollary of this is that 
progressive rehabilitation (concurrent with extraction) is 
usually cheaper, more effective and more environmentally 
acceptable than post-quarrying rehabilitation. This is 
because the necessary equipment is already there, volumes and 
composition of materials are known, and double handling of 
material is avoided. The cost of correcting environmental 
damage caused during extraction can also be eliminated. 
A benefit/cost analysis of rehabilitation is difficult to 
obtain. Although the costs are quantifiable it is hard to put 
the benefits in monetary terms. Often the benefits are only 
apparent years after rehabilitation is complete and once it 
becomes evident the intended landuse is sustainable. Where 
careful attention is given to the development and operation of 
the site, the potential of the land may be greater than it was 
prior to quarrying. 
The cost of not rehabilitating is equally uncertain but the 
potential problems and associated costs are enormous. 
Although quarrying companies do not receive any direct benefit 
from rehabilitating land, it would be costly for them if they 
were held liable for impacts resulting from mining 
operations. 
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continued pressure from communities and environmental 
organisations, and regulation by governments, have resulted in 
/ 
quarrying companies undertaking rehabilitation even ' if it 
---reduces the sometimes already marginal profit. 
The cost of rehabilitation is influenced primarily by the 
site's physical condition and its intended use. Table 6 
displays a breakdown of costs for the rehabilitation of a 
typical quarry. 
Activity 
Management time (including surveys, design, 
preparation, negotiations, tendering, 
supervision of site works etc.) 
Earthmoving 
Cultivation 
Surface water drainage 
Tree planting 
Post-rehabilitation maintenance 
% Cost 
9% 
70 
7 
6 
1 
_7_ 
100% 
Table 6. Breakdown of finance allocation 
for the rehabilitation of a typical quarry. 
[after Allen, 1983] 
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~ II - lWJSWRT·T. OUARRY 
1 INTRODUCTION 
1.1 Location 
Halswell Quarry is situated 10.5 km from Cathedral Square on 
the western flank of the Port Hills (refer Figure 2) . The 
- , 
Christchurch City Council land / holding 
i' 
known as Halswell 
Quarry Reserve encompasses Halswell Quarry, surrounding 
farmland (Findlay's Farm) and residential land and roads. The 
u-shaped excavation covers approximately 4 ha (150 m x 260 m) 
of the 24 ha quarry block. Altitude ranges from 90 m asl in 
the east to 20 m asl in the west (Christchurch City Council, 
1991a) with a high wall of 60 m. The remaining 31.5 ha known 
as Findlay's Farm is leased privately. The residences along 
Kennedy's Bush Road form a well defined southern boundary with 
farmland defining the eastern boundary, and Cashmere and 
Kennedy's Bush roads forming the northern and western 
boundaries respectively. 
1.2 Climate 
Halswell Quarry receives 650 mm of rain per year (D. Carver, 
1993, pers. comm.), which is low compared to the Port Hills 
generally (800 - 1000 mm/yr). Rainfall exhibits seasonal 
variability with most falling in winter (refer Table 7). 
Halswell Quarry faces north to north-west and is therefore 
exposed to hot, dry summer winds. In addition, most of the 
site is sheltered from cooling southerlies and easterlies, 
resulting in high surface temperatures (refer Table 7). 
Evaporation in the Quarry during summer is less than outside 
HALSWELL QUARRY LOCATION PLAN 
Figure 2. Halswell Quarry location plan. 
[Smith, 1993, pii] 
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due to reduced air movement and more in the winter because of 
higher temperatures. The sheltered nature of the Quarry 
creates a microclimate more similar to that of Marlborough 
than other parts of the Port Hills (Christchurch City Council, 
1991a) . 
Although there was no regular monitoring of climate at the 
site prior to closure in 1990, a station was established in 
February 1991 to supply data to aid rehabilitation. Sixteen 
[.·~} C ;,( 
months of data ~~s recorded and is held by the Drainage unit 
(\ 
of the Christchurch City Council (refer Table 7). Correlation 
with longer term stations was sufficiently good to extend the 
record to fifty years. 
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Temperature 
Date tJax tJin Rain Evap Frosts 
C C mm mm 
-------------------------------------------------
Feb91 21 12 78 47 
Mar91 21 12 9 86 
Apr91 18 8 142 31 
May91 15 5 33 31 
Jun91 12 2 103 9 4 @ 
-l·a °c Ju191 11 2 113 21 4 @ -1 C 
Aug91 15 6 17 45 1 @ -1 °c 
Sep91 15 6 30 40 
Oct91 19 5 22 84 
Nov91 19 6 74 84 
Dec91 19 8 87 89 
Jan92 23 13 33 133 
Feb92 24 10 30 110 
Mar92 23 9 13 99 
Apr92 17 6 56 41 
May92 14 5 105 17 
----- ----------------- ------------- -------- ------
Table 7. Mean monthly temperature, rainfall and 
evaporation data recorded at Halswell Quarry, 
February 1991 - May 1992. NB data recorded weekdays 
30 
only. [Data from D. Carver, Drainage Unit, 
Christchurch City Council] 
1.3 Geolog.y 
1.3.1 Geological Setting 
Halswell Quarry is situated on the western flanks of Lyttelton 
Volcano, one of two volcanoes comprising Banks Peninsula. 
Volcanic activity formed an island lying some tens of 
kilometres from the mainland. Both volcanoes exhibit deep 
erosion craters which have drowned to form Lyttelton and 
Akaroa harbours. During the Holocene, the island became 
linked to the mainland by the encroaching gravels of the 
Canterbury Plains and was mantled by a variable thickness of 
loess during glacial periods (Weaver et al, 1986). 
Lyttelton Volcano erupted from 12 million years to 10 million 
years ago on a basement of Triassic to mid-Miocene volcanic 
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and sedimentary rock (Weaver et al, 1986). During two million 
years (Ma) of activity, basic and intermediate lavas erupted 
from centres near present day Quail Island, forming a 
symmetrical cone comprising layers of lava, pyroclastic 
deposits and lahars (stratovolcano). Towards the cessation of 
activity (9.7 Ma), a radial dyke swarm was emplaced in 
fractures in the volcanic structure. 
A second phase of activity was pre-empted by a series of 
eruptions on the southern flank of the Lyttelton Volcano 
(Mount Herbert Volcanics, 9.7 - 8.0 Ma) as the centre of 
activity migrated south-east. Further eruptions formed Akaroa 
Volcano from which activity ceased about 8.0 Ma ago. Minor 
eruptions then began from vents within the crater and on the 
flanks of Lyttelton Volcano. Deposits from these eruptions 
(Diamond Harbour Group) were predominantly olivine basalts, 
and included the Church Formation (8.1 - 7.5 Ma) and the 
Stoddart Volcanics (7.0 - 5.8 Ma) from isolated centres in and 
around the eroding cone of Lyttelton Volcano (Sewell, 1985). 
1.3.2 Local Geology 
Rocks of the Lyttelton Group from 11 Ma ago form the Port 
Hills adjacent to Halswell Quarry. They consist of hornblende 
basalt and hypersthene andesite lava flows interspersed with 
pyroclastic deposits of ash and scoria. 
Halswell Quarry is situated on a 7 Ma old (late Miocene) 
basalt plug of Stoddart Volcanics (Sewell, 1985) (refer Figure 
3). The ridge in which the quarry is located comprises 
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GEOLOGY OF HALSWELL QUARRY 
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Figure 3. Cross section of Halswell Quarry 
looking west. [after Waters, 1988, p18] 
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unaltered basalts of high quality, being particularly hard. 
The spur immediately to the east of the Quarry is composed 
predominantly of scoria with occasional outcrops of rock. 
Much of the area is overlain by loess, ranging from one metre 
in thickness near ridge crests to eight metres at base of 
slopes. The level ground adjacent to Kennedy's Bush Road and 
Cashmere Road is part of the Canterbury Plains, consisting of 
uncemented river sand and gravel. 
1.3.3 Lithology 
stoddart Volcanics occur within the Quarry as two rock units; 
a platy jointed olivine basalt (6.93 Ma) in the form of a 
large, irregular mushroom-shaped body which intrudes into an 
underlying, earlier (8.83 Ma) unit of columnar basalt (Liggett 
and Gregg, 1965) (refer Figure 3). The terms 'olivine basalt' 
and 'columnar basalt' used by Liggett and Gregg (1965) were 
redefined by Sewell (1985) as olivine hawaiite and basanite 
respectively on the basis of geochemical analysis. 
Cameron and Oldershaw 
basalt) as a dark-grey 
crystals of shiny black 
(1971) described the former (olivine 
olivine basalt consisting of small 
augite and translucent golden brown 
olivine set in a fine-grained dark-grey matrix. It is very 
well jointed as a result of shrinkage during cooling and is 
indicative of a volcanic plug. Quicker cooling at the plug 
margins has increased jointing, resulting in flat stone that 
is excellent for walls and paving. 
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The hawaiite was emplaced through the underlying and 
surrounding basanite. The latter is massive in form, 
sometimes necessitating secondary blasting before crushing, 
and therefore comprised much of the oversize material sent to 
the North Canterbury Catchment Board for river protection 
(Christchurch City Council, 1975). It is possible that 
explosive activity prior to the intrusion of the hawaiite plug 
produced scoria, debris flow and airfall ash deposits (Sewell, 
1985). 
1.4 Soil 
Three soil types can be distinguished in the Halswell Quarry 
area (Christchurch City Council, 1991a). Horotane silt loam 
found on flatter farm land is typically restricted to valley 
floors on the Port Hills. It is derived from loess and 
volcanic rock, and is generally productive being high in plant 
nutrients. On the lower, steeper slopes around the Quarry 
where loess is thinner, Evans steepland soils occur. These 
are similarly derived from loess and basalt but occur under 
low rainfall conditions (less than 900mm pal and have a low 
nutrient status. On the low rainfall (600 - 900 mm annual 
rainfall), gently rolling higher parts of the site, 
Takahe-Kiwi Hill soils drain rapidly and are prone to tunnel-
gully erosion. 
1.5 Vegetation 
The original vegetation covering the site has been inferred 
from the soils and history of the Port Hills. The upper 
slopes and steep ridges were once covered by silver tussock 
(Wi) [Poa laevis], small shrubs such as hebe [Hebe spp.], 
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coprosma [Coprosma spp.], and native brooms [Carmicbaelia 
spp.]. The once extensive areas of native bush (totara 
[podocarpus totara], white pine (kahikatea) [Podocarpus 
dacrydioides] , matai [Prumnopitys spicatus] , broadleaf 
(kapuka) [Griselinia littoralis] , manuka [Leptospermum 
scoparium] and konini), of which the present day Kennedy's 
Bush is a remnant, have long since disappeared (Christchurch 
city Council, 1991a). 
The low lying flat ground to the north of the Quarry was part 
of a large swamp that linked Heathcote River and Lake 
Ellesmere in early European times. Flax [Pbormium tenax] , 
raupo [Typba orientalis] and sedges [Carex spp.] would have 
grown there. Some of the gullies and south facing slopes may 
have supported ferns and taller plants such as cabbage trees 
(Tikouka) [Cordyline australis], karamu [Coprosma robusta] and 
black matipo (kohuhu) [Pittosporum tenuifolium] (Christchurch 
City Council, 1991a). 
The present day vegetation is the result of a long history of 
farming and quarrying. The flat land to the north is under 
arable farming while the open upper slopes are under improved 
pasture grasses. Around the houses on site, typical garden 
plants grow while pines [Pinus spp.], wattles [Acacia spp.] 
and macrocarpas [Cupressus macrocarpa] are evident adjacent to 
Cashmere Road. A rough cover of cocksfoot fescue [Dactylis 
glomerata] exists within the Quarry. Common garden and 
agricultural weeds 
[Carmicbaelia spp.]) 
spraying. 
(gorse [Ulex 
are widespread 
europaeus] 
in spite of 
and broom 
cutting and 
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1.6 Wildlife 
No systematic wildlife surveys have been carried out in the 
Quarry. However, an extensive list of birds seen in the area 
was compiled for the Christchurch City council by Mr Jack 
Rogers, a local resident. These include the following: 
bellbird (v) 
black-backed gull (w) 
blackbird 
black shag (w) 
black swan (w) 
Californian quail 
Canada goose (w) 
chaffinch 
goldfinch 
greenfinch 
grey warbler (v) 
hedge sparrow 
house sparrow 
New Zealand pigeon (v) 
paradise duck (w) 
rock pigeon 
shining cuckoo (v) 
spur-winged plover 
starling 
sulphur-crested thrush 
wax eye (v) 
white-faced heron 
Those suffixed by (v) prefer trees and bush, and are therefore 
found in well planted areas. Wetland or water birds (w) are 
attracted to but are not permanently resident on site, while 
most of the others are common in areas of open ground and use 
the paddocks and Quarry for food and shelter (Christchurch 
City Council, 1991a). 
The scree and rock faces within the Quarry provide good sites 
for lizards and skinks, and frogs are found in the wetter 
areas. Feral cats, hedgehogs, rabbits and possums are also 
common, the latter two necessitating protection of young 
plantings (Christchurch City council, 1991a). 
2 PLANNING STATUS 
2.1 Administration 
While operating, Halswell Quarry was under the jurisdiction of 
the Mines Division (now the Energy and Resources Division of 
the Ministry of Commerce). Although it is officially not 
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operating at present, it is not yet officially closed, so will 
continue to be the responsibility of the Energy and Resources 
Division (R. English, 1993, pers. comm.). It is currently 
administered by the Roading unit of the Christchurch City 
council and does not have reserve status until transferred to 
the Parks Unit when rehabilitation of the inner Quarry is 
complete in 1996/97. Once reserve status is given, the 
Reserves Act 1977 covers the management of the Quarry. 
2.2 District Zoning 
Under the Paparua County Council District Planning Scheme, 
Halswell Quarry was erroneously zoned 'Rural'. As there were 
no quarrying rights, the Christchurch City Council lodged an 
application with Paparua Council seeking to have the Quarry 
and adjacent land designated for quarrying purposes. Despite 
objections from 48 residents living in Kennedy's Bush Road, 
the District Scheme was changed and 'Quarry' zoning confirmed 
in 1977 (refer Figure 4). 
The 'Quarry' zoning allowed for a range of uses including the 
extraction and processing of sand, gravel and rock in 
appropriate locations. This had to be undertaken with due 
regard to the effect of the operation on adjoining properties, 
consideration of landscape and visual impact, and the long 
term re-use of quarried areas (Paparua County District Scheme, 
p124). Policies regulated operations in order to reduce their 
impact on adjoining land. Quarrying was regarded as an interim 
landuse which when completed had to leave or develop the land 
in a form in which it could be used in the future. 
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Ru/1 
\ ...... .. 
study area lirmtt~ 
Figure 4. Zoning of Halswell Quarry under the 
Paparua County Council District Planning Scheme. 
(Qu quarry, Ru/1 Rural One, Ru/2 Rural Two and 
R/3E Residential). 
[Christchurch City Council, 1991, p11] 
The adjacent Council owned land was zoned Rural One (Ru/1) 
allowing most types of farming, production forestry, some 
housing, and parks and recreation grounds. Many of these uses 
had restrictions attached, reflecting concern fo~ the special 
amenity values of the Zone. 
Land surrounding that held by the Council is zoned Rural One 
to the east, Rural Two (good quality wet lowland) to the 
north, Rural Residential (comprehensively planned small rural 
lifestyle blocks) to the west and Residential 3E (special zone 
for area about Kennedy's Bush Road) (refer Figure 4). 
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These zonings generally reflect broad categories identified in 
landscape character units (Christchurch City Council, 1991). 
When the new District Plan comes into force, the Rural zoning 
will be changed to 'Reserve' and the special 'Quarry' zoning 
will be removed (R. English, 1993, pers. comm.). 
2.3 Landscape Character 
In a survey of Canterbury's natural resources, Halswell Quarry 
was classified under 'B1 Cashmere', as are many of the 
northern and western slopes of the Port Hills. Landscapes 
were grouped according to the prevailing colour, texture and 
pattern of the following elements: landform (topography) and 
its variation, landcover (vegetation types and patterns) and 
landuse. B1 Cashmere landscape type comprises high hills and 
side valleys of predominantly low grassland with areas of 
short tussock, native and exotic scrub, and forest. Landuses 
include grazing, production forest, recreation, residential 
settlement and extractive industries (Ministry of Works and 
Development, 1983). 
The landscape expression is one of broad V-shaped valleys with 
sharply curved ridgelines. The landscape shows a low degree 
of naturalness, having been significantly modified. The 
individual units comprising this landscape type are varied, 
showing a low level of unity. There is a high level of 
visibility (how often and easily it can be seen) due to its 
proximity to a large urban area. However, Halswell Quarry does 
not impinge on the skyline and is obvious only from Kennedy's 
Bush Road above the intersection with Cashmere Road (refer 
Figure 5). 
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Figure 5. Halswell Quarry from Kennedy's Bush Road above 
the intersection with Cashmere Road (August, 1993). 
·· 8 
Figure 6. Landscape character units (see text for 
explanation). [Christchurch City Council, 1991, p18] 
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Although useful for initial large scale landscape surveys, 
landscape types (eg. B1 Cashmere) need to be subdivided into 
landscape character units for management purposes. These 
units are developed on the basis of having similar appearance 
and character, and can be assessed on their potential. 
Ten such landscape units were identified for the Council owned 
land in the RaIswell Quarry Reserve Management Plan (refer 
Figure 6) and are as follows: 
Area 1 encompasses the valley floor from Kennedy's 
Bush Road to the eastern boundary. This area slopes 
gently from the east and has few features, the 
exceptions being a central drainage ditch and two 
clumps of willows and poplars. 
Patterson's house and garden containing a wide variety 
of trees and shrubs (Area 2) are visually significant 
and are of historical interest. 
The paddock above Patterson's House (Area 3) slopes 
northwest to Kennedy's Bush Road and is the site of 
two Council houses, neither having any architectural 
merit. The paddock has a water reservoir at its 
highest point in the south. 
Area 4 is the Quarry itself including the floor, rock 
faces and a narrow area between the quarry edge and 
the residential properties to the south. 
The south-east ridge makes up Area 5 and is the 
highest point (100 m asl) on the Reserve. It provides 
good views into the Quarry and across the site to 
Christchurch. 
East of the Quarry surrounded by pine, poplar and 
macrocarpa trees is Findlay's Farmstead (Area 6). The 
house has no architectural merit. 
Further east of Findlay's Farmstead is Area 7, a small 
transition area of disturbed land resulting from an 
extension of an old loess clay pit on the neighbouring 
Van Asch property. It is currently used for rough 
grazing. 
Area 8 is the south-facing slope of the spur to the 
north of the Quarry. The slope is wetter and colder 
due to its orientation and effectively blocks the 
visual impact of the Quarry from northern locations. 
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Area 9 is two section-sized lots at the top end of 
Kennedy's Bush Road, both of which have strong 
residential character. 
The last area (Area 10) identified is the main access 
road and the area that contained the crushing plant 
and buildings. 
3 HISTORY 
3.1 Pre-European 
In pre-European times the Halswell area was low lying and 
damp, with a vegetative cover of toetoe, fern, flax and raupo 
swamp. Lower hill slopes were covered in tussock. Remains of 
matai trees in excavations at the Quarry entrance suggest the 
site was once well vegetated (Christchurch City Council, 
1991a). Extensive areas of native bush covered the upper 
slopes, of which present day Kennedy's Bush is a remnant. 
Although the local Maori (Ngai Tahu) did not settle, they were 
familiar with the Halswell area as plants from the swamp were 
utilised for clothing, fuel and weaving materials 
(Christchurch City Council, 1991a). The Halswell River 
(Tau-awa-a-maka) was an important mahinga kai. 
3.2 European 
3.2.1 19th Century 
Landscape change was rapid following the arrival of European 
settlers. Totara, kahikatea, matai, manuka and konini trees 
from nearby Hoon Hay Valley were utilised to build and fuel 
much of early Christchurch (Ogilvie, 1978). 
Page 43 
The Deans brothers discovered the outcrop of basalt in 184a, 
naming it Rock Hill. Several years later James Feather (who 
had been associated with the Hoon Hay quarries) and James 
Forgan opened Halswell Quarry. A large number of similar 
quarries (eg. Hoon Hay, Dyers Pass) were developed around the 
northern margin of the Port Hills about this time. However, 
Halswell Quarry dominated because of the ease with which the 
high quality rock could be extracted and worked. The site was 
ideal for a quarry as it was on a hill, had little overburden 
and was close to a potentially large developing market 
(Christchurch) (Smith, 1993). 
Halswell Quarry was close to the favoured route south and much 
of Halswell's early settlement resulted from its proximity to 
the Quarry (Ogilvie, 1978). The importance of the Quarry is 
reflected in the number of early Christchurch buildings 
constructed from Halswell Stone. In addition to supplying 
building material, Halswell Stone was also used for feature 
walls, paving, rubble for fill and roading material (refer 
Section 4.5) (Christchurch City Council, 1991a). 
The Quarry was sold in August 1862 to William Guise Brittan, a 
local land owner (Christchurch Star, 1966). He, Grosvenor 
Miles and William White formed a partnership in 1864, the 
latter being part-owner of the Lincoln Road Tramway Company. 
Brittan displayed innovation and enterprise throughout his 
management, beginning by introducing bullock teams. In an 
attempt to transport the stone nearer town, William White was 
offered a contract in 1865 by the Provincial Government to 
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construct a tramline from the Quarry to the end of Lincoln 
Road. The 11 km long wooden tramway crossed Kennedy's Bush 
Road, followed the ridge to RaIswell Road, before crossing the 
river to Sabys Road and curving to Lincoln Road (now RaIswell 
Road). White and Brittan operated the Quarry on the basis of 
providing quick and cheap stone, and were encouraged to do so 
by the Provincial Government to enable the building of gaols, 
courthouses and administrative buildings. 
Brittan sold out to Lincoln Road Tramway Company in 1872, at 
which time the Quarry was managed by William White and owned 
by William Wilson (Smith, 1993). The tramway was largely 
dismantled by 1873 due to objections from the Roads Board and 
residents concerning the disfigurement and damage to Lower 
Lincoln Road. In any event, the increased availability of 
competitive haulers (trucks and traction engines) meant the 
tramway's days were numbered. 
According to Lands and Survey records, the Quarry and 
surrounding land were sold in 1886 to a local contractor, 
William Role, who in 1890 formed RaIswell Quarry Company 
Limited. Re subdivided 29.5 ha of hill country from the flat 
land for the Quarry. By now RaIswell Quarry was a highly 
respected business servicing Christchurch and was possibly the 
only quarry in the South Island capable of large scale 
production (Smith, 1993). 
In 1899 the Quarry and hill country block were sold to R. 
Pitcaithly and Son, stockbrokers and accountants of Lyttelton, 
at . which time it was producing 9 000 m3 of crushed aggregate 
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per year (Waters, 1988). A public company was created in 1901 
and Edward (Ned) Patterson was brought out from Scotland to 
manage it, remaining the foreman until 1938. The crushing 
plant was reorganised and the Quarry developed from a small 
concern to perhaps the largest in New Zealand (Christchurch 
City Council, 1935). 
Halswell Quarry Company Limited was renamed Halswell Quarries 
Limited in 1912, about which time the land above the Quarry on 
the south side of Kennedy's Bush Road was first subdivided for 
settlement. Up until the Second World War, Kennedy's Bush 
Road was known as Quarry Road before being renamed Patterson 
Avenue in honour of the long serving Quarry manager. 
3.2.2 Council Ownership 
The Quarry was purchased at a liquidation sale in 1925 by the 
Christchurch City Council for 31 893 pounds. The aim of the 
Council was to secure a regular supply of high quality roading 
material. The transaction was a turning point in the Quarry's 
history, marking the end of private ownership and giving it a 
dependable and secure future. At the time of sale it employed 
approximately thirty men and was considered the most modern in 
Australasia, producing 25 000 m3 .per year (Christchurch City 
Council, 1975) (refer section 4.3). Demand for Halswell Stone 
was increasing with orders from as far away as Oamaru, 
Culverden and Scargill. 
In 1938 Lew Hoyle became manager and for the first time under 
Christchurch city Council control it suffered a financial loss 
of 300 pounds (normally 3 - 5000 pound profit). The Council's 
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decision to subdivide 6 ha of land on the Quarry side of 
Kennedy's Bush Road in 1954 had serious consequences for the 
future. It is suggested (Smith, 1993) that the sale was to 
finance the 
reason, the 
development 
Queen's visit to Christchurch, but 
Council lost valuable space 
and limited the exploitation of 
whatever the 
for further 
a valuable 
resource. The Council was ultimately proved wrong in selling 
the land. In doing so it failed to fulfil its responsibility 
to preserve the Quarry's resources (Smith, 1993). 
3.2.3 Period of Conflict 
Objections concerning the operation were soon forthcoming from 
local residents, in spite of the Quarry being there long 
before the 32 lot subdivision took place. This marked the 
beginning of 
Council and 
two decades of conflict between residents, the 
Quarry staff. Continued complaints from the 
residents were instrumental in securing a decline in the 
effects of blasting, the most contentious issue. Dust was also 
a problem and water sprays were fitted to crushers in the late 
1950s. Fortunately for the early owners, the Quarry was 
established long before present environmental concerns 
materialised and, despite the complaints, was relatively free 
of public opposition. The Quarry continued to produce at a 
fairly static rate over the next thirty years and it continued 
to be profitable, due to the Council spending little on 
maintaining the capital investment. 
By the late 1960s, the main source of good paving material 
could no longer be exploited because the Inspector of Mines 
would not permit work closer to the southern boundary in 
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response to complaints from residents in Kennedy's Bush Road. 
The side faces had to be quarried instead, despite lower 
quality stone and increased quantities of overburden. 
Unfortunately, considerable areas of the Quarry were used for 
stockpiling stripped clay. This required expensive shifting as 
the operation moved within the confines of the Quarry. With 
no thought for the future, some rock resource was lost as 
overburden dumping made subsequent stripping uneconomic. In 
spite of this, the Quarry achieved record production in 
1974-75 under the efficient management of John Chrisp (Smith, 
1993) (refer section 4.3 and Figure 7). 
3.2.4 Environmental Impact 
In light of increased environmental awareness during the 
1970s, Halswell Quarry was seen as a poor example of a modern 
quarrying operation. Anger at air, noise and visual pollution 
was gaining momentum and there was widespread fear of lasting 
property damage. 
New crushing plant was installed, incorporating water sprays 
and dust extractors in order to comply with the Clean Air Act 
1972. Noise was also deemed to be a problem but testing by 
the Department of Scientific and Industrial Research found it 
to be lower and less persistent (work finished at 5pm) than 
at residential 
the blame for 
test sites in Christchurch. Residents placed 
damage to their house foundations on blasting. 
However, ground vibration tests and inspections found that in 
all but one case the damage could not have been caused by 
blasting. The results 
influenced by the noise 
effects (Smith, 1993). 
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showed that residents were more 
of blasting than the actual ground 
Although the Quarry was well concealed and some distance from 
Christchurch, there was concern over the visual impact of the 
site, particularly since any increase in size would only make 
it more obvious. Suggestions were made to control the impact 
by using trees to screen the operation and reduce dust 
movement but these were never implemented. However, 
restrictions and operating requirements were such that further 
extraction was hidden from view. 
These problems became the impetus to buy 31 ha bounded by 
Kennedy's Bush Road and Cashmere Road (known as Findlay's 
Farm) to the north of the Quarry. The intention was to 
provide an additional source of stone and a site for disposal 
of overburden. It would also provide a buffer zone, ensuring 
separation from any residenti~l development to the north. The 
land was also considered as a potential site for the 
replacement Wigram asphalt and bitumen heating plant. These 
developments did not eventuate and in 1980 Findlay's Farm was 
leased out to Quarry Farms Limited, a private company who 
provided a resident manager. 
3.2.5 Quarry Closure 
As the basalt pYug was excavated, the increased cost of 
benching, pumping and haulage began to make the operation 
uneconomic, and the future of Halswell Quarry became doubtful. 
A resource survey in the mid 1970s indicated there was 
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sufficient stone to maintain production until after the turn 
of the century. However, a later report published by the 
Geology Department at the University of canterbury indicated 
there were insufficient reserves of good quality rock, 
prompting the closure of the Quarry in 1990. 
4 PRODUCTION 
4.1 Reserves 
The first recorded estimate of reserves was made in 1909 by 
Professor R. Speight (Head of Geology Department at Canterbury 
College). From a surficial geological survey he estimated 
there to be at least 3.05 M m3 of excellent quality basalt 
(Christchurch City Council, 1975). He resurveyed it in 1928 
and re-estimated the volume to be 1.15 M m3 ; considerably less 
as the ash beds and scoria had been intersected in the 
southwest corner as quarrying progressed. By 1938 the scoria 
was widely exposed with Patterson estimating the resource in 
the face to be only 22 500 m3 , scarcely a years supply (Smith, 
1993). However, new reserves were exposed allowing continued 
extraction into the second half of the 20th century. 
Since the 1970s a number of reports on the reserves of rock at 
Halswell Quarry indicated a downward estimation of winnable 
material. A seismic resource survey was conducted in 1975 by 
Mr G. Evans, a local consulting engineer under contract to the 
Christchurch City Council. The survey indicated 897 000 m3 of 
basalt remained, capable of yielding approximately 1 678 000 
m
3 
of crushed aggregate (Christchurch City Council, 1975). 
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The survey also showed the spur to the east held a further 918 
000 m3 of suitable quality rock outside the area zoned 
'Quarry'. Evans concluded there was sufficient stone in the 
Quarry itself to maintain production until the year 2010 at 
the 1975 production rate of 50 000 m3 per year. The period 
could be extended a further 30 years if the spur adjacent to 
Cashmere Road was utilised. Speight had investigated the spur 
earlier and believed it would yield 570 000 m3 of basalt 
superior to that found in the Quarry (Christchurch City 
Council, 1975). 
However, as the amount of road construction was expected to 
increase some 25 - 50% both estimates were shortened by ten 
years. In addition, it was predicted that local body 
amalgamation would result in increased use, decreasing the 
Quarry's life by some 40 years even if the spur was utilised. 
On the basis of these estimates it was expected that Halswell 
Quarry would be able to service Council requirements until the 
turn of the century (Christchurch City Council, 1975). As it 
turned out the spur was subdivided into small holdings in 1975 
and a potential source of rock was lost. 
In recent years the accuraqy of the methods used by Evans was 
questioned and some of his results have been shown by further 
quarrying operations to be in error (Waters 1988). In 1987, a 
report by the Geology Department at the university of 
Canterbury indicated the rock resource was almost worked out 
and on the basis of this, the City council's Works and Traffic 
Committee decided in February 1987 to close the Quarry in 
1990. This decision was supported by further geological work 
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carried out in 1988 by Waters (1988) who confirmed the usable 
resource would be exhausted by the end of 1991. The Quarry 
did close in 1990 but a small amount (6 000 m3 ) of decorative 
stone remains for use in repair of existing buildings and 
landscaped areas. 
4.2 Rock Quarity 
The quality of rock about Banks Peninsula is highly variable 
due to its volcanic origin, with prominent ridges, spurs and 
peaks generally comprising higher quality rock. Halswell 
stone is hard, durable and uniform in character, and shows no 
sign of alteration or weathering (Smith, 1993). According to 
the Lyttelton Times (14 July, 1890) it was of superior 
quality, being nearly unchanged after 10 years use (cf. Port 
Chalmers stone which had to be replaced after 2 years). 
However, following strength tests in 1901, Professor Speight 
concluded crushed Halswell Stone was of good but not 
superlative quality (Christchurch City Council, 1975). 
This view was supported by the then City Engineer, A. R. 
Galbraith. Samples of 16 rom Halswell chip were tested in the 
Aggregate Crushing Test at the Ministry of Works Materials 
Laboratory in Christchurch. Results of 401.5 MPa were good 
compared to the minimum standard of 200.8 MFa but considerably 
less than the 664.1 MFa obtained from the more abundant 
canterbury Greywacke. Halswell Stone was also found to have a 
relatively high and irregular absorption rate compared to 
greywacke, a potential problem when used as aggregate in hot 
mix production (Christchurch City Council, 1975). 
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The chip produced was not particularly suitable for sealing 
aggregate because of its flaky nature, although it was used. 
waters (1988) characterised the two Halswell Quarry rock types 
(hawaiite and basanite) using dry density, saturated moisture 
content, porosity and point-load indices. His results showed 
both had similar properties, although the basanite was found 
to be slightly more dense and about 10% weaker than the 
hawaiite. 
4.3 Output 
Although the early history of Halswell Quarry is documented, 
the record of production is sketchy and it is not until the 
Christchurch City Council took over in 1925 that accurate 
records were kept (Smith, 1993). Unfortunately records of 
dimension stone produced in the early years were not 
maintained but statistics from the Mines Division show the 
declining demand for decorative building stone in later years 
(refer Table 8). By this time, commercial landscapers and the 
general public were taking most of the dimension stone 
produced. 
Date 
Halswell 
Charteris 
Bay 
'72 '73 '74 '75 '76 '77 '78 '79 '80 '81 '82 
2266 1719 1237 1455 9909 901 596 694 672 709 734 
366 247 263 246 220 83 51 134 83 71 73 
(cubic metres) 
Table 8. Production of dimension stone from Halswell 
and Charteris Bay quarries (1972 - 1982). 
[Data from Mines Division in Anderson, 1984] 
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Although Halswell stone was particularly hard and the nature 
of the jointing made it valuable as a decorative facing stone, 
the rock was extensively quarried for other uses. Most was 
crushed for use as road metal. In 1901 the Quarry had two 
crushers capable of producing 115 m3/day. By 1903 annual rock 
production was 20 615 m3 , a significant increase over 9 160 m3 
under previous management. Production altered little as a 
result of corporatisation in 1925 (refer Figure 7). By 1960, 
3 production had increased to more than 40 000 m /yr and under 
the efficient management of John Chrisp the Quarry achieved a 
r.ecord production of 74 544 m3 in 1974-75. Approximately 48 
100 m3 of this was crushed and used solely for Council road 
construction (Smith, 1993). 
The 65 mm material from the No. 1 crusher made excellent base 
coarse and was at the time cheaper than pitrun. Most of the 
finer material was sent to Wigram Asphalt Plant to manufacture 
bituminous macadam and hotmix for high grade pavements. The 
uncrushed oversized rock was sold to the North canterbury 
Catchment Board for use in river bank protection, with a 
little sold privately for landscape purposes. 
During the early 1980s the entire crushing plant was replaced 
allowing an annual production of 65 000 m3 (Waters, 1988). At 
the time the Quarry was supplying approximately 75% of the 
Christchurch City Council/s road aggregate requirements. 
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RALSWEIL QUARRY ANNUAL PRODUCTION 
. ( Cubic Metres) 
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Figure 7. Halswell Quarry annual production 1900 -
1991 (Note some years missing - refer Appendix II for 
production figures). [data from Smith, 1993, p16] 
4.4 operation 
During the late 1800s rock was broken by explosives placed in 
hand-drilled shot holes. Compressed air jack hammers were 
introduced in the 1920s and it was not until the 19408 that 
hand loading of carts was superseded by a rope operated face 
shovel. The last major technological advance was in 1970 with 
the introduction of the hydraulic excavator. 
The mode of transporting rock changed a number of times from 
bullock cart, rail skip, horse and dray, traction engine and 
finally to diesel truck. Although traction engines could pull 
20 - 30 tonnes (cf. 4 - 5 tonnes for early trucks) their 
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colossal weight caused extensive damage to roads. Before 
traction engines were phased out in 1926, all three modes of 
transport (horse and dray, traction engine and truck) were 
used during the early 1920s (Smith, 1993). 
The operation in 1975 consisted of stripping overburden during 
the drier summer months, the stripped material being sold as 
fill for construction projects. Blast holes were drilled on a 
2.0 - 2.5 m grid by an Atlas Copco Wagondrill, after which the 
rock was blasted and loaded into two converted streetworks 
construction trucks by a Poclain LC80 and a RB 19 face shovel. 
The crushing plant consisted of two jaw crushers and a 
gyratory crusher. Crushed material was transported by the 
Quarry's five trucks to four Streetworks maintenance yards and 
the Wigram Asphalt Plant. 
In 1988, rock was blasted, 
excavator from 3 m high faces 
then quarried by hydraulic 
in sections 10 to 20 m long 
(Waters, 1988). Broken rock was loaded on to dump trucks to be 
transported to the crushers. The primary crusher was a Kue-Ken 
900 mm by 600 mm jaw crusher after which the primary rotary 
screen separated material greater than 38 mm (AP50) (refer 
Figure 8). This was stockpiled on site before being recrushed 
in a Symons 900 mm cone crusher. All material less than 50 mm 
was crushed in a Barmac Rotopactor while the coarse fraction 
was first passed through a Pegs on 600 mm cone crusher, before 
going on to the Barmac crusher. The product from the Barmac 
was screened and sorted into hoppers with the oversize (>37 
mm) being recrushed in the Pegson and Barmac crushers. 
l __ 
Figure 8. Flow chart of operation 
in the 1980s. [Smith, 1993, p25] 
4.5 utilisation 
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The original name of Halswell Quarry site was Rock Hill, 
presumably because an obvious outcrop of basalt existed prior 
to quarrying. Once the very well defined joint pattern was 
exposed it became evident that a good source of rock had been 
found. The stone could be easily broken with hammers and 
could therefore be used for road material and buil~ing stone 
with little preparation. The joint-controlled, parallel 
cleavage made it ideal for building and facing stone. It was 
used for many early Christchurch buildings, including 
sunnyside Hospital, Durham Street Methodist Church (1864), 
Normal School (1876), Canterbury College (1877), Sign of the 
Takahe (1919 - 1947), Canterbury Museum (1870) and parts of 
the Robert McDougall Art Gallery (1932), Provincial council 
Chambers (1865), and numerous churches (Christchurch City 
Council, 1991a). 
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The use of Halswell stone as a building material declined as 
the need for roading metal increased. By the late 1890s 
crushed products were being used in road basecourse and 
macadamising material. The hawaiite made up the bulk of the 
rock extracted although the basanite was also quarried from 
parts of the Quarry. 
Halswell Quarry was different from other Canterbury hard rock 
quarries as large quantities of stone were used for purposes 
other than roading (building and landscaping). In view of the 
variability of rock quality on Banks Peninsula, it was felt 
that economic deposits 
~g 
as rare or of !specialised value as 
Halswell stone should be protected from any landuse impact 
that might detract from their future use (Wilson et aI, 1979; 
Anderson, 1984). The following statements illustrate this 
concern: 
"Seek planning options which do not prejudice the 
future use of "Halswell stone" deposits for 
suitable specialised purposes." 
"Encourage the use of different grades of Halswell 
Stone for these purposes to which the types 
are specifically suited, in order to prevent 
wastage of the more specialised types." 
(Ministry of Works and Development, 1983, p286). 
Despite these concerns, the development of the Quarry was 
restricted by other land uses (housing) and in spite of being 
particularly hard and valuable as a building material most was 
used as a source of aggregate (Christchurch City council, 
1975). People associated with Halswell Quarry generally agree 
that crushing Halswell stone for road metal was an 
inappropriate use (R. English and J. Moore, 1993, pers. 
comm. ) . 
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PART III - HALSWELL QUARRY REHABILITATION 
1 INTRODUCTION 
The decision to close Halswell Quarry in 1990 was made in 1987 
on the basis of there being insufficient reserves of suitable 
quality stone. (R. English, 1993, pers. comm.). At the 
cessation of quarrying, the removal of approximately 2 - 2.5 M 
m
3 
of rock and overburden had left an amphitheatre some 4 ha 
in area with a high wall of 60 m (refer Figure 9). In addition 
a 50 - 60 m wide, 15 m deep pit had been excavated below the 
main quarry floor (R. English, 1993, pers. comm.). 
Figure 9. View of pit in the floor of Halswell 
Quarry in May 1990. Note the flooded pit floor 
and the steep face above the pit to the north. 
[Christchurch City council, Roading Unit] 
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Faced with the site, the Christchurch City Council could have 
satisfied its legal obligations under the Mines and Quarries 
Act 1982 by fencing it off from the public. However, given 
the opportunity to address the impact of many years of 
quarrying, it chose to confront the issues and in so doing, 
return a unique and historical landscape feature back to the 
people of Christchurch. The closure also provided the impetus 
to comprehensively plan the integration of the site into the 
Paparua County Council District Planning Scheme. 
2 PLANNING STAGES 
The rehabilitation of Halswell Quarry is unique in New Zealand 
in that the future use of the Quarry was considered and 
planned for prior to it closing. Prompted by concern over 
what was to happen to the Quarry, the Kennedy's Bush Road 
Neighbourhood Association pre-empted the closure by submitting 
a plan to Council proposing it be redeveloped as a public 
reserve. The plan was based on a proposal made in 1983 by 
David Tucker, a Landscape Architecture student from Lincoln 
University. It suggested characteristics such as the high 
wall be retained, similar to the successful Butchart Gardens 
in British Columbia. The idea of developing the Quarry into a 
reserve grew and gained favour with the Council. Once 
emplaced, interest was expressed in obtaining the manager's 
house and the old stone cottage, with the Council keen to 
incorporate the Quarry in a reserve similar to other Port 
Hills reserves. 
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2.1 Future Development Plan (1988) 
A consulting engineer, Mr J. O'Brien, was engaged to make 
recommendations on how the rock faces could be left in a safe 
condition. His report, along with the Association's plan, 
formed the basis of the proposal for Halswell Quarry. This 
was presented to and adopted in princip~e by the Christchurch 
City Council as the Halswell Quarry Future Development Plan 
(1988). The Plan focused on the development of the Quarry as 
a reserve, providing the opportunity for passive recreation 
and education in addition to creating wildlife habitats. 
2.2 Draft Management Plan 
Although the Halswell Quarry Future Development Plan (1988) 
addressed the rehabilitation of the Quarry and the land 
immediately surrounding it, the balance of council owned land 
also required consideration. A lack of historical precedents 
required a Draft Management Plan be formulated to present 
possible development options. Those considered were based on 
the five following scenarios: 
1 The "status quo" option advocated the retention 
of present management with only the Quarry and 
some of the land developed as a low maintenance 
reserve. Findlay's Farm would not be open for 
public use. Although this option would involve 
minimal capital outlay it would not fully utilise 
the potential of the reserve and the general public 
would derive little benefit from its ownership. 
There would have been little incentive to develop 
the surrounding land. 
2 The "nature" option recommended developing the whole 
area as an extension of the wilderness aspect of the 
Quarry site. It involved extensive habitat creation 
ranging from swamp land to rock faces. Although this 
approach had advantages of creating a valuable 
landscape of open water, wetland, bush, rock outcrop 
and grassland; it involved high capital costs over a 
long period. It was also realised that remaining 
indigenous areas of the Port Hills would better serve 
this need, retaining the uniqueness of the Quarry. 
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3 The "development" option advocated the development 
of the commercial landuse potential by sale or lease 
for residential, agricultural or similar purposes. 
Some of the problems with this option included 
non-conformity to the District Scheme, difficulties 
in providing services and lost opportunity for a 
recreational asset. 
4 The "recreation" option proposed developing the site 
as a major recreational feature. Although the 
diverse nature of the site would provide for varied 
recreational activity the high cost, potential 
conflict with residents and the loss of productive 
land were negative aspects of the option. 
5 The fifth "preferred" option was a combination of 
the other four options with emphasis on the 
recreation potential of the site. It advocated a 
wide range of active and passive recreation, 
proposing to make use of the varied terrain by 
providing a range of habitats for wildlife. The 
rehabilitated quarry would be linked with the summit 
Road Reserve. 
Having been publicised, the plan attracted fifteen submissions 
including those from the following: 
- Kennedy's Bush Road Neighbourhood Association; 
- a group of 23 residents of Kennedy's Bush Road; 
- 6 individual residents of Kennedy's Bush Road; 
- Halswell Branch of the Christchurch Pony Club; 
- Canterbury Regional Council; 
- New Zealand Historic Places Trust; 
- Christchurch City Council Landscape Architect. 
The submissions were heard on 5 August 1991 by the Reserve 
Hearing Panel whose members (Chairman D.N. Buist, Councillors 
D. G. Cox, P.C.R. Harrow, and M.J. Stevens) were appointed 
from the Parks and Recreation Committee. As a result of the 
submissions and the views expressed during the hearing a 
number of amendments were made to the Draft Management Plan. A 
major objection was the opposition by some of Kennedy's Bush 
Road residents to the proximity of a walkway to their 
residences, and the related loss of privacy. While the 
Council acknowledged this submission it could not support the 
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abOlition of the track as it felt the walkway was a 
significant feature of the proposed reserve. However, 
alterations were made to the Plan to ensure privacy and 
security were maximised (Christchurch City Council, 1991b). 
The following amendments were also made to the Draft 
Management Plan: 
- creation of wildlife habitats in wetland areas; 
- a new ranger's house to be built near the Quarry 
entrance; 
- prohibition of motorcycle and recreational vehicles; 
- New Zealand character emphasised by planting a wider 
range of species; 
- preservation of sites of significant archaeological 
value; 
- contingency plans to minimise fire risk; 
- prohibition of dogs. 
--1" 
In addition, some proposed activities were prohibited (rock 
climbing - prohibited for safety reasons; organised sport also 
prohibited - not appropriate) while other activities were 
restricted (mountainbike and pony riding only in designated 
areas). Concern was also expressed over the intended use of 
the old stone cottage as a visitors' centre. 
2.3 Reserve Development Concept Plan (1991) 
Following an assessment of the five development options and 
the ensuring debate between the Council and residents, the 
f\ 
Halswell Quarry Reserve Development Concept Plan (1991) was 
prepared on the basis of the "preferred" option. It included 
the amendments made to the Draft Plan and took into account 
the comments made on the other options. The Concept Plan, 
formally adopted by the Council in September 1991, extended 
the Halswell Quarry Future Development Plan (1988) and defines 
the Halswell Quarry Reserve. 
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2.4 Halswell Quarry Reserve 
Halswell Quarry Reserve consists of Halswell Quarry and 
Findlay's Farm. The following policies define the management 
of the Reserve. 
"GOAL: 
To optimise the potential of the physical, biological 
and historical characteristics of the Halswell Quarry 
Reserve, for a wide variety of recreation activities 
and public uses and enjoyment, consistent with its 
location at the foot of the Port Hills. 
OBJECTIVES: 
1 To progressively develop the reserve for various 
extensive recreation uses, both active and passive, 
compatible with the area's character and historic 
activities. 
2 To enhance the landscape qualities and biological 
diversity of the site and to retain its rural 
atmosphere. 
3 To promote an awareness and appreciation of the 
historic significance of the area to the early growth 
of Christchurch and to preserve the historic areas of 
the Quarry and its buildings. 
4 To restore the Halswell Quarry to enable safe public 
access and develop its recreational and educational 
potential. 
5 To develop the reserve in a way that is consistent 
with past activities and neighbouring land uses." 
(from Halswell Quarry Reserve Development concept Plan 
(1991) in Christchurch City Council, 1991a, p27). 
Reserve status is favoured for much of the site including the 
Quarry. The Reserve is to be developed as a low maintenance 
reserve, providing for a wide range of passive and active 
recreational activities as well as containing wildlife 
habitats. The choice of activities will reflect their 
suitability to the rural location, their use of terrain and 
their compatibility with the site's ecology and other 
activities. 
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passive recreation will include a comprehensive network of 
walking tracks linking those of the Quarry (refer Figure 10). 
Mountain biking and horse riding will be permitted only on 
specific tracks. Numerous picnic areas will also be formed. 
The flatter parts of Findlay's Farm were to be developed as an 
event area and horse arena, but the future of the farmhouse is 
now in doubt as the Halswell Branch of the Christchurch Pony 
Club has declined the use of the facility (R. English, 1993, 
pers. comm.). until another use is determined it will 
-
continue to be leased on a short . term basis. 
r 
A strong indigenous semi-wilderness character will be 
developed by extensive planting of native species, although 
exotics will also be planted. The landscape character will be 
predominantly rural and informal. 
The Reserve will have a strong educational and interpretative 
theme. The geological formations in the Quarry, its history 
and the part it played in the growth of Christchurch will be 
displayed. There is widespread public interest and 
involvement in the rehabilitation project, particularly in the 
tree planting programmes (R. English, 1993, pers. comm.). 
Grazing land will be leased and several areas excess to 
Reserve requirements will be sold. These include 287 and 303 
Kennedy's Bush Road and the Rural Block I containing 
Patterson's house and the two Quarry houses. Rural Block II 
at the corner of Kennedy's Bush Road and Cashmere Road will be 
retained in Council ownership until it is clear it will not be 
required for the Reserve (refer Figure 10). 
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Figure 10. Rehabilitation plan for Halswell 
Quarry Reserve. [smith, 1993, p55] 
3 RALSWELL QUARRY REHABILITATION CONCEPT 
3.1 Introduction 
within the wider Halswell Quarry Reserve, the Quarry itself 
will be rehabilitated (refer Figure 10). The Quarry's unique 
character will be retained by avoiding excessively manicured 
treatments. Significant areas of planting will enhance the 
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walkways about the Quarry amphitheatre in which a small lake 
will be constructed. The site's geological uniqueness and 
historical features will be presented for interest and 
educational purposes. The old stone cottage adjacent to the 
entrance road is to be restored and used as a visitors' 
shelter and information centre. Various constructions will be 
sympathetic with the site's historic character, with Halswell 
stone being used for signs, paths, seats, viewing platforms, 
entrances and other structures where appropriate. Provisions 
will be made for carparking and picnic areas. It is 
&nticipated the site will be very popular and become a major 
metropolitan recreational asset. 
3.2 Programme 
3.2.1 Earthworks 
The Inspector of Mines and Quarries, Mr A.R. Best, imposed 
restrictions on the proposed rehabilitation in order to 
satisfy quarrying regulations. Consulting engineering 
geologists, Applied Geology Associates of Auckland, were 
engaged to determine how the stability of the rock faces could 
be improved. They concluded the most unstable areas were the 
lower benches and the most cost effective way of stabilising 
these was to paddock blast the north and west faces. Filling 
the Quarry floor to the 1991 access level was also recommended 
(refer Figure 11). These solutions necessitated a compromise 
between the desire to retain the amphitheatre shape and the 
need to make it safe. 
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These recommendations were adopted by the Council enabling 
reduction blasting and other face stabilisation work to be 
carried out using Quarry equipment prior to closure. Small, 
shallow, closely spaced charges (paddock blasting) was 
recommended as it leaves a relatively smooth face which stands 
up well over time (cf. production blasting which causes deep 
shattering leaving faces vulnerable to failure). 
Although residents were generally against filling of any sort, 
the Council regarded it as necessary in order to provide a 
platform on which rehabilitation could be safely established. 
They were particularly concerned about the type of material to 
be used if filling did go ahead, fearing the Quarry might be 
used as a landfill site as was proposed earlier (Smith, 1993). 
A letter from the Chairman of Kennedy's Bush Road 
Neighbourhood Association, Mr R. Webster, to the Council 
(dated 26 March 1991) reminded the Council of the definition 
of fill as stated in the District Scheme: 
"Fill permitted in the Halswell Quarry shall be 
material having no putrescible, pollutant, inflammable 
or hazardous components and shall include rubble, 
ballast, stones, mineral and soil materials." 
However, due to possible leachate production and associated 
groundwater pollution, and the loss of its historical 
uniqueness, the landfill proposal was never pursued and th~ 
Council agreed to use only inert fill materials. 
In order to raise the Quarry floor to RL35.0 m and to fill the 
15 m deep pit in the north east corner, an extensive filling 
programme has been under way since rehabilitation began in 
1990. To date, some 150 - 200 000 m3 of inert fill have been 
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brought in from Council construction projects (refer Figure 
12). Overburden from quarrying operations was also used as 
fill (R. English, 1993, pers. comm.). Fortunately much of 
the overburden was used as fill during quarrying, thus 
eliminating the very costly task of relocating a large volume 
of material. Substantially less filling has been required 
than was originally anticipated (250 000 m3 ) as it was decided 
to retain the deep cutting on the western side as a dramatic 
landform. This amendment to the Concept Plan was dependent on 
finding alternative ways to satisfy public safety 
requirements. Filling is expected to be completed by 1994. 
=.--:.- ~ . .....---
Figure 12. Final filling of quarry floor, September, 
1993. Note stockpile of clay (top left) and remaining 
dimension stone (middle left) (indicated by arrows). 
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3.2.2 Grading and Landscaping 
Once the significant depressions were filled, the Quarry floor 
was graded towards the southern face (refer Figure 13). A 
grader will be used to smooth the surface over which a 0.1 m 
layer of clay will be spread. This will help control runoff 
and capture water for the small artificial lake intended for 
the site. A 0.075 m layer of topsoil will cover the clay, 
which will be sufficient for grass establishment. To minimise 
costs, topsoiling will utilise soil from Council 
projects and is scheduled for mid-1994. 
R'L 10 OM. 
Figure 13. Cross section A-A of Halswell 
Quarry (Vertical and horizontal scales 
1:2 000) Location of section marked on 
Figure 15. [Christchurch City Council] 
What is unknown at this stage is whether the extreme 
microclimate of the Quarry will allow a lake to exist without 
a supplementary water supply to counteract evaporation (R. 
English, 1993, pers. comm.). The Quarry pit filled to a depth 
of 7 m from surface runoff before infilling began, and it is 
I I, 
-'--~~;=:-- ~ 
- - -
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hoped that the final topography will be such that sufficient 
runoff and groundwater can be collected to maintain the lake 
year round. Runoff from the gully to the east will be directed 
towards the lake which will have a spillway to the north 
through the eastern cut (refer Figure 14). The cross-
sectional shape of the lake will involve a compromise between 
landscape and engineering requirements, but a conical form 
will be required to minimise the effects of evaporation. To 
ensure seepage losses are minimised, the lake will have a 
poly-liner which will be covered with clay to prevent spalling 
rock from puncturing the membrane (J. Moore, 1993, pers. 
comm.). The lake will also act as a trap for sediment 
mobilised from filled areas. 
Figure 14. View of Halswell Quarry from the Rim Track 
looking to the north-east. Note the central knoll (1) on 
which a viewing platform will be constructed. The water 
from the proposed lake (2) will flow away from the viewer 
through the eastern cut (3). 
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3.2.3 Planting 
Vegetation is being established inside the Quarry to stabilise 
fill surfaces, provide habitat for wildlife and to increase 
amenity. The once7'widespread gorse and broom were cleared 
prior to planting but require continued maintenance. 
Appropriate species were selected on the following criteria; 
the range of site conditions, aspect, geology, wildlife 
potential (food source) and indigenous character. Advice from 
Lisa Crozier (ecological consultant with Forest Research 
~ Institute), Dr) Judith Roper-Lindsay (Boffa Miskell Partners) 
and a botanist (Hugh Wilson) was used to draw up a plant list. 
This has since been modified, as experience after four years 
of major planting has shown which plants do well in which 
locations. Appendix III details the 37 species being used 
and the number required each year. However, the actual plants 
and numbers planted have varied according to the availability 
and part of Quarry to be planted. site specific plant 
selection has been made by Dennis Preston (Landscape Architect 
with Christchurch City Council) and Brian Keown (Area Parks 
Officer) • 
The planting programme has also been dictated by the harsh 
growing conditions and on-going earthmoving operations. As a 
result, planting is being staged over a number of years, with 
5 000 - 7 000 planted each year. The most severe sites are 
planted in the pre-winter period (April/May) while areas with 
better conditions are planted at the end of winter 
(August/September). This progressive planting has allowed 
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monitoring of establishment procedures before the next stage 
is undertaken, ensuring maximum survival rate (Christchurch 
City Council, 1991). 
Early experimental planting began in 1988 when 1 400 native 
trees were planted. These suffered severe losses in the 
particularly hot summer that followed. To reduce future 
losses, a low pressure soak-hose irrigation system was 
subsequently installed when planting recommenced in the winter 
of 1989, and extended as further plantings occurred. Nearby 
residents periodically turn sections on and off, allowing a 
widespread area of plantings to be watered. This has proved 
to be a very effective and efficient method of increasing the 
survival of plants (J. Moore, 1993, pers. comm.). Although 
fertiliser is not being used, bark mulch around plants has 
improved the ability of plants to compete with grass growth 
and to retain moisture. 
A further 700 plants were put in during 1990 to extend and 
replace lost plants. By 1991 full scale planting was underway 
(4 000 plants) with 5 000 planted in 1992/93 with a similar 
number proposed for 1993/94. To date, 15 700 trees and shrubs 
have been planted, with a similar number (14 650) to still go 
in (D. Preston, 1993, pers. comm.). 
Although the major setback with plants was drought, frosts 
have also taken their toll on young plants. Protection of new 
plantings from rabbits, hares and possums is also required. At 
present, the occasional shoot and poison bait drop has been 
effective and sufficient to limit the damage from these pests. 
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It is proposed to continue pest control measures at least 
until plants become properly established (R. English, 1993, 
pers. comm.). The custodian of the Quarry, John Moore, has 
also utilised short lengths of pipe as plant protectors. 
sections of nova-flow drainage pipe have been particularly 
useful. 
Planting has been carried out by various groups including 
Halswell Lions Club, Halswell Primary School, the local scout 
troop, periodic detention workers, Kennedy's Bush Road 
Neighbourhood Association and private individuals. Most of the 
work, however, has been done by Council staff. It is hoped 
that the considerable local and city-wide interest and 
enthusiasm in Arbour Day planting can be utilised to plant the 
large area to the west of the Quarry. 
3.2.4 Habitat Creation 
Due to the variable range of habitats created through the 
rehabilitation of Halswell Quarry there is likely to be a 
diverse range of animal and bird life. Habitats will include 
wetland zones, hot dry rocky niches, open grassland and areas 
of sUbstantial trees. There is evidence already of increased 
bird numbers within the Quarry (J. Moore, 1993, pers. corom.) 
and it is hoped similar increases will occur in local native 
animal populations once plantings can provide suitable 
habitats. 
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3.2.5 security Fencing and Safety 
The Mines Division has jurisdiction over Halswell Quarry and 
will only approve its official closure once it has been 
declared safe. Under the terms of the Mines and Quarries Act 
1982, faces have to be reduced to a naturally stable angle or 
be enclosed by a 1.8 m high barbed-wire fence to prevent 
access. However, due to the stabilising work already done, 
lower fences have been approved for some areas. In view of 
the spectacular patterns on the lower southern rock face, it 
was felt that a high fence would be inappropriate. Instead 
the Council intend to create a small permanent lake, thereby 
negating the need for a fence at all (refer Figure 15). In 
addition the lake will form an attractive landscape feature 
while aiding drainage and increasing the overall amenity value 
of the site. 
3.2.6 Recreation 
Under the Halswell Quarry Reserve Development concept Plan 
(1991), the Quarry will be traversed by two walkways. The 
first is a level, circular Floor Track around and up to the 
central knoll. The Rim Walkway winds its way up the western 
margin from the Quarry entrance and traverses the southern rim 
before following the eastern ridge back to the carpark. An 
extension will connect the southern rim to Kennedy's Bush 
Walkway (refer Figure 10). The layout for these walkways was 
supported by the Summit Road Society and with some 
reservations by the Residents Association, the latter being 
concerned about the proximity of the Rim Track to residences. 
Consequently the track layout was altered, and appropriate 
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fencing and screen planting has addressed this problem. 
A number of viewing sites will be formed about the Quarry, 
with a viewing platform and direction table constructed on the 
high point of the southern rim. A viewing platform will also 
be constructed on the central knoll, permitting a panoramic 
view of the high wall (refer Figure 15). Picnic sites will 
also be formed within the Quarry. 
3.2.7 Education 
Education will be an important theme of the Quarry 
development. The site's history and role in the growth of 
Christchurch will be of interest to the general public, 
historians and organisations such as Historic Places Trust. At 
present there is significant interest from school pupils in 
Arbor Day planting and it is hoped the site will prove popular 
for studies in ecology (R. English, 1993, pers. corom.). 
Interpretative material will be displayed about the site with 
additional information being available at the visitors' 
centre. 
In addition, the lithology and volcanic features will be of 
interest to earth scientists and students, while the 
formations and patterns in the rock faces (refer Figures 16 
and 17) will appeal to the general public. The Quarry, being 
the biggest open excavation on Banks Peninsula, is an 
important exposure site of the Stoddart Volcanics. Paddock 
blasting and scaling down has aided research by preserving 
geological detail. Volcanic features such as columnar and 
layer jointing remain clearly evident and there is relatively 
safe access to the upper slopes by way of old benches. 
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Figure 16. Platy-jointed hawaiite in the main south 
face. View is approximately 15 metres in height. 
Although there are no plans as yet, the Geology Department of 
canterbury University may be able to include the Quarry on its 
list of field trip stops (A. Cameron, 1993, pers. corom.). 
various other university departments (landscape architecture, 
physical sciences etc.) could also make use of the site. 
3.2.8 Archaeology 
structures with architectural merit include the sUbstantial 
stone villa above the intersection of Kennedy's Bush Road and 
Quarry access road (refer Figure 10). It was built in 1927 
and once had a magnificent rock garden. There is a Historic 
Places Trust classification on the exterior of the house to 
Figure 17. Curved jointing in hawaiite 
controls slope angle of upper south face. 
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prevent modification when sold. Across Kennedy's Bush Road 
opposite the Quarry entrance the remains of a pear orchard 
planted by Kennedy in 1863 can be found. 
The only other structure of significance is the old stone 
cottage (whare), once the quarters for Quarry workers. It is 
located along the entrance drive and is to be renovated and 
used as a visitors' shelter and information centre. The 
Council also intends to set up a quarrying museum. To this 
end, anything of interest that has been unearthed during the 
rehabilitation process is being stored for future display (J. 
Moore, 1993, pers. cornrn.). 
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3.2.9 Future Operations 
In designing the Quarry landscape the Council had to consider 
limited extraction and stockpiling of remaining dimension 
stone. Approximately 6 000 m3 of this stone remains and due to 
its broken nature, can be extracted without the use of 
explosives (Smith, 1993). While earthworks continue, any 
accessible loose flat stone has been collected and dumped on 
this area, providing a resource for use in future community 
projects and non-commercial sales to the public (refer Figure 
15). Similarly, large boulders have been put aside for Council 
landscaping projects (J. Moore, 1993, pers. comm.). 
3.3 Rehabilitation Progress 
The progress to date has been according to expectations and, 
although it is expected to take seven to eight years to 
complete, areas will be opened to the public as they are 
finished. To facilitate this, a progressive approach to 
landscaping and planting has been adopted. 
Initial earthworks and planting started before Quarry closure 
in 1990. The 1990/91 work to stabilise the upper faces was 
completed in 1991 utilising existing Quarry staff and 
machinery. The filling of the Quarry floor (scheduled for 
completion in 1994/95) is about 18 months ahead of schedule 
and is almost complete as more fill was provided than 
predicted (J. Moore, 1993, pers. corom.). Fencing around the 
Rim Walkway has been completed and much of the planting in 
these areas has been done. Extensive plantings behind the old 
stone cottage and along the access road are also finished, as 
is the planting of the central knoll (refer Figure 15). 
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3.4 Proposed Rehabilitation and Maintenance 
The earthworks and 'hard' landscaping is expected to be 
complete by 1994, including lake forming and surface grading. 
Later this year (1993), work will begin on spreading 
stockpiled clay over the fill to aid drainage to the lake. 
Topsoiling will take place early in 1994 (R. English, 1993, 
pers. comm.) and the following proposed work is scheduled for 
completion by 1995: 
- develop small car park adjacent to old stone cottage; 
- erect entrance sign and interpretative signs; 
- upgrade existing short term use toilet facilities and 
install permanent facilities as required; 
- form rim track (excluding spur extension) including 
security fencing and screen planting; 
- restore old stone cottage; 
- complete planting on east and west boundaries, and 
the terraces within the Quarry; 
- form eastern spur extension track to connect the Rim 
Walkway with Kennedy's Bush Track. 
The second stage of rehabilitation (1995 - 1998) includes 
forming the picnic areas to the north, planting the Quarry 
basin and internal slopes, and constructing carparks. The 
completion date for the rehabilitation work is 1997/98. 
Maintenance of plantings is already being undertaken. Each 
planting site is checked annually for two years to monitor 
which species have taken. Approximately 20 - 30% of plants 
are lost and are being replaced periodically to bring the site 
back to its original planting numbers. Task Force Green 
labour is being used to cut grass and maintain plants during 
dry summer periods. Post-rehabilitation maintenance will 
involve normal reserve maintenance of facilities and main 
activity points (walking tracks, viewing platforms, entrance 
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ways etc.). Additional maintenance may be required to ensure 
rehabilitation objectives are met in the long term. For 
example, vegetation may require regular pruning to ensure rock 
faces remain visible from viewing points. A full-time ranger 
will be resident on-site and security patrols will be 
undertaken. 
3.5 Cost Estimate and Project Financing 
The cost of rehabilitation has been divided into pre-quarry 
closure expenditure and post-closure costs. The former 
included rock face stabilisation and initiation of the 
planting programme, at an estimated cost of $124 000. In 
order to meet these costs, depreciation and interest charges 
on the Halswell Quarry Account have been used. The 
post-closure costs were estimated in 1990 as follows: 
$190 000 for filling based on premise fill supplied 
free of charge from road construction; 
$255 000 for engineering works at completion of 
filling; 
$420 000 for landscaping and further planting. 
The total cost of $989 000 includes a contingency of up to 15% 
(Christchurch City Council, 1991a). The castings to date have 
been as expected and are set out below. 
$120 000 
$300 000 
$500 000 
$70 000 
--------
990 000 
--------
management time (surveys, design preparation, 
negotiations, administration costs etc.) 
earthworks (includes initial face 
stabilisation and site clearance) 
cultivation, fences, tracks, viewing 
platforms and planting 
contouring and lake formation 
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A further $100 000 will be spent each year on maintenance, the 
wages of the ranger being included in this amount (R. English, 
1993, pers. comm.). 
The project is being funded from general rates with revenue 
from the sale of excess land contributing to the funding (R. 
English, 1993, pers. comm.). The limited availability of 
funding is one of the reasons why rehabilitation is being 
spread over eight years. Consequently, in an effort to 
minimise cost it was decided not to buy fill but to use only 
what became available. Finance for the project was justified 
by the Council as it recognised, accepted and satisfied its 
environmental obligations to return the site to an appropriate 
use. In addition, there is a pressing need for further 
recreational reserves in the south-west sector of 
Christchurch, particularly since Halswell Domain is currently 
over-used (R. English, 1993, pers. comm.). 
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PART IV - DISCUSSION 
1 EVALUATION 
Introduction 
It is difficult to evaluate the rehabilitation of Halswell 
Quarry because the work is not yet complete. Also the goals 
and objectives as set out in the Management Plan encompass the 
whole Halswell Quarry Reserve and not just the Quarry. 
However, this section evaluates the role of the Christchurch 
City Council, outlines potential problems, comments on the 
appropriateness of the programme, suggests ways in which it 
could have been improved and makes recommendations for the 
future. 
The Role of the Christchurch City council 
The Christchurch City Council has had a long and fruitful 
association with Halswell Quarry. When the supply of good 
quality hardfill and roading metal was exhausted, the Council 
was left with a potentially troublesome site. It accepted its 
civic responsibilities and rejected the attractive and 
expedient 'shut gate' option available to it. The Council 
chose to address the result of a century and a half of 
quarrying activity. 
While the rehabilitation plan has considered the physical 
capacity of the site to accommodate the recreational needs of 
Christchurch and protected the interests of the local 
community, the prime influence on the concept design was the 
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safety of the site (R. English, 1993, pers. comm.). The plan 
is a comprehensive, well integrated proposal, incorporating a /1, 
wide range of issues and options. It considers the physical, 
biological and socio-economic factors influencing the re-use 
of the site. The plan shows foresight and innovation, 
particularly in the use of landscaping and the lake to satisfy 
the safety requirements. 
In line with good planning practices, the Council has involved 
a large number of people, community groups and larger 
organisations in the rehabilitation programme. A good example 
of the joint effort has been the co-operation between 
professionals and other interested parties. 
The rehabilitation of Halswell Quarry has been a major 
undertaking for the Council. Throughout the planning and 
early stages of the rehabilitation work, the Council has been 
flexible and accommodating. It listened to and gave due 
consideration to the wishes of the residents and the summit 
Road Society regarding the positioning of the Rim Walkway. 
When the striking appearance of the western cut was fully 
realised, the project was modified to ensure its retention. 
The Council has performed the required tasks within the time 
frame and has acted responsibly, keeping the cost within the 
budget in spite of a number of changes to the original 
concept. 
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Potential Problems 
As with many hard rock quarries, Halswell Quarry was operated 
for almost its entire life without regard to possible future 
use. As a result, no rehabilitation plan had been developed. 
However, unlike many quarries, it was not abandoned and the 
pre-closure decision to rehabilitate the site enabled the 
planning process to get under way. Because the rehabilitation 
project was the first of its type in New Zealand, there was 
little on which it could be based. One of the reasons for 
writing the draft management plan was the lack of historical 
precedents, thereby raising the awareness of the issues 
involved. 
Potential problems concerning the filling of the pit and 
proximity of the Rim Track to houses in Kennedy's Bush Road 
were quickly addressed and satisfactorily resolved, much to 
the credit of the Council. To date, sufficient funding has 
been available, enabling the rehabilitation programme to 
continue uninterrupted. 
Appropriateness of Rehabilitation Practices 
The impressive and unique physical character of the Quarry has 
been retained in spite of the Council having to comply with 
safety regulations. Paddock blasting, scaling down and 
appropriate landscaping and planting have helped retain 
appealing features without producing distinctly man-made 
looking features. Similarly, constructed talus slopes appear 
natural. The preservation of geological features and exposures 
was considered important and rehabilitation practices have, 
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consciously or otherwise, conformed to earth science 
conservation principles (Nature Conservancy Council, 1990). 
Although benches were retained for safety reasons (catch 
falling rock), they also permit researchers and students 
access to many of the faces. However, the Council will limit 
and strictly control any such use. Faces are uncluttered with 
geological detail exposed as a result of appropriate blasting 
techniques. However, access to the deep hawaiite source (the 
plug) is no longer possible because of pit infilling. 
The Council has been very diligent and enterprising in its use 
of on-site material. All suitable material has been utilised 
in the filling programme and the balance of hardfill required 
has been sourced at no cost from Council construction 
projects. clay and topsoil, also from construction projects, 
have been set aside for aiding drainage and vegetation 
establishment respectively. Wise management of remaining 
dimension stone has included collection and stockpiling of any 
accessible loose rock, providing stone for use in future 
community projects and non-commercial sales to the public. 
Even large boulders of basanite have been salvaged and 
set-aside for future landscaping projects. 
The functional aspects of soil and water (erosion, control of 
runoff, soil protection etc) have been satisfied and when 
finished, the site will be safe, ecologically beneficial and 
aesthetically pleasing. The inclusion of a lake is a worthy 
feature as it will fulfil a multitude of functions. Access to 
potentially dangerous faces will be restricted, sediment 
? 
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trapped, wildlife potential increased and the general amenity 
value of the Quarry improved. 
Vegetation is playing a multiple role, being used to stabilise 
fill surfaces, provide habitat for wildlife and to increase 
amenity value. The technique of progressive planting has 
allowed assessments to be made of establishment procedures 
before the next stage is undertaken. 
Given that there is not a lot of room inside the Quarry, the 
restriction on activities is valid, particularly when active 
recreation is catered for within the larger Halswell Quarry 
Reserve. 
possible Improvements 
Although the progressive nature of the rehabilitation 
programme has allowed some monitoring, it has not been 
sufficiently objective to prevent major plant loss. Similarly, 
a survey of available material would have outlined the nature 
of the soil, subsoil and overburden, and may have identified 
potential soil resources. Trials investigating soil/subsoil 
mixes, optimum soil depth, treatments and amendments might 
have indicated which, if any, of these were likely to improve 
vegetation establishment. For example, the need for irrigation 
had been recognised earlier, but the decision was made to try 
and do without it and accept the 20 - 30% loss of plants (D. 
Preston, 1993, pers. comm.). Care will be required when 
planting shrubs on the Quarry floor as the thin layer of soil 
will be insufficient to support plants in the long term. 
These trials and an objective monitoring programme 
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would have provided useful data for other similar projects, 
such as the creation of the Heathcote Quarry Park. 
The likely success of creating a permanent lake should be 
known as the Quarry floor is being landscaped with the future 
lake in mind. until it becomes a reality, a contingency plan 
for the floor should be investigated and developed. 
2 RECOMMENDATIONS 
While accepting that the rehabilitation is not yet complete, a 
number of issues need to be emphasised and/or investigated to 
help the programme fully achieve its goals. 
While there is still time, and before the rehabilitation work 
is complete, details of the Quarry rehabilitation need to be 
recorded, along with its geology, operation and history. This 
information should be organised into a visual and written 
database in order to provide information for historians, 
planners (for future rehabilitation projects), educators and 
for the proposed visitors' centre. Establishment of such a 
database will necessitate the collection, collation and 
cataloguing of photographs and literature concerning all 
aspects of the Quarry. The establishment of either a local or 
national quarrying museum would aid the preservation of 
quarrying history and would be a major asset to the project, 
encouraging and broadening interest in Halswell Quarry. 
A survey of potential visitors would be useful to assess what 
facilities might be expected and to ensure that the facilities 
Page 90 
provided are appropriate for their intended uses. For 
example, is wheelchair access going to be required and if so 
how can it be incorporated? Similarly, it would be 
beneficial to know what type and detail of interpretative 
material will be required and how it might be best presented. 
This should be done before work begins on final landscaping 
and facility construction to ensure, as far as possible, that 
the work is compatible with the requirements of future 
visitors. 
contrary to the aim of developing a low maintenance reserve, 
as indicated in the management plan, post-rehabilitation care 
may involve more than just normal reserve maintenance and will 
be most needed in the years immediately following 
rehabilitation. Because chemical fertilisers will not be 
used, close attention to soil/plant relationships will be 
required if vegetation cover is to be maintained in the long 
term. The nutrient status and organic content of the soil 
should be monitored and careful maintenance of vegetation will 
be required. It would be beneficial to accumulate and use 
organic mulches to aid moisture retention during the dry 
summer months. An on-site shredder could be put to good use, 
converting pruned herbage to much needed mUlch. 
T 
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3 CONCLUSION 
The aim of developing the Quarry as part of an informal, 
rural, indigenous semi-wilderness reserve containing wildlife 
habitats will not be achieved until the rehabilitation work is 
complete. However, as far as the project has progressed, it 
is obvious that the potential of the site is being developed 
and that the Quarry will be an interesting and unique 
environment for passive recreation. With this in mind, the 
success of the programme will be assessed on its visual, 
recreational and environmental character. 
It is to the Council and residents that the credit must go for 
persevering with such a worthy project over a lengthy period 
of time. The result of their dedication will be a new and 
highly,' valued recreational reserve. The project has shown 
I 
that by detailed planning, dedication and commitment it is 
possible to improve the condition and potential of land 
through rehabilitation. 
"Landuse is good, wise landuse is better and continuous 
landuse is better still" (Fulton, 1989) but the rehabilitation 
of Halswell Quarry has shown that wise continuous landuse is 
best of all. 
q 
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APPENDIX I - GLOSSARY 
Definitions of geological terms from The Penguin Dictionary of 
Geology, 1981. 
Basalt - dark, fine grained basic (low silica/quartz free) 
igneous rock rich in iron, magnesium and manganese. Flows 
readily if erupted as lava. 
Basanite - olivine bearing alkali (sodic and/or potassic 
feldspars) basalt. 
Dyke - sheet-like body of igneous rock intruded discordantly 
into the host rock. May be radial or parallel in 
arrangement. 
Greywacke - a sedimentary/sub-metamorphic (sandstone) rock 
comprising mainly sand particles. 
Hawaiite - fine grained intermediate andesite containing 
olivine and andesine. 
Holocene - latter part of the Quaternary period since the last 
glaciation 10 000 years ago ie. the post-glacial period. 
Lahar - a mudflow down the side of a volcano, often generated 
from overflow of the crater lake. 
Loess - accumulation of wind blown dust from desert areas or 
from unvegetated glacial margins. 
Macadam - material for road-making with successive layers of 
broken stone compacted before next layer is laid. 
Mahinga kai - place where food is produced or procured. 
Miocene - an epoch of the Tertiary period lasting from 25 - 5 
million years ago. 
pitrun - unscreened and uncrushed river material (sand, gravel 
and boulders). 
Pyroclastic deposit - fragmented volcanic rock erupted from 
vents by explosive activity. 
Scoria - lava or pyroclastic rock containing empty cavities. 
Stratovolcano - a volcano comprising layers of lava, ash, 
pyroclastic material etc. 
Triassic - the lowest of the Mesozoic periods spanning the 
interval of 230 - 195 million years ago. 
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APPENDIX II - RaIswell Quarry Annual Production 
--------------- ----------- --- ----------------- ----------
Year 3 Year m3 Year 3 m m 
----------------------------------------------------------
1900-01 9 160 1938-39 27 780 1972-73 49 220 
1902-03 20 615 1939-40 25 310 1973-74 56 950 
1905-06 32 690 1940-41 23 550 1974-75 74 544 
1906-07 33 845 1941-42 17 330 1975-76 67 250 
1907-08 26 760 1942-43 17 280 1976-77 61 058 
1910-20 205 100 1943-44 18 755 1977-78 59 067 
1920-21 14 097 1944-45 19 065 1978-79 64 389 
1921-22 17 420 1945-46 26 080 1979-80 52 905 
1925-26 25 340 1961-62 40 560 1980-81 47 433 
1926-27 28 900 1962-63 40 210 1981-82 31 007 
1927-28 29 680 1963-64 39 655 1982-83 52 064 
1928-29 31 590 1964-65 46 590 1983-84 46 605 
1930-31 38 610 1965-66 42 620 1984-85 35 987 
1931-32 24 315 1966-67 46 550 1985-86 49 762 
1932-33 22 105 1967-68 55 155 1986-87 60 345 
1933-34 25 650 1968-69 53 690 1987-88 67 666 
1934-35 26 660 1969-70 51 005 1988-89 72 949 
1935-36 27 565 1970-71 54 360 1989-90 59 460 
1936-37 28 580 1971-72 56 220 1990-91 37 135 
-----------------------.------------- . ---------.------------
q 
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APPENDIX III - Plant List and Yearly Requirements for* 
the Rehabilitation of Halswell Quarry 
Species Number 
Aristotelia serrata Makomako (Wineberry) 
Coprosma areolata 
C. linarifolia (Yellow Wood) 
C. lucida (Shining Karamu) 
C. parvifolia 
C. propinqua 
C. robusta Karamu 
C. rotundifolia 
Cordyline australis Tikouka (Cabbage Tree) 
Cortaderia richardii 
Discaria toumatou Tumatakuru (Matagouri) 
Dodonea viscosa (Ake Ake) 
Fuchsia excorticata Kotukutuku (Tree Fuchsia) 
Griselinia littoralis Kapuka (Broadleaf) 
Hebe salicifolia Korokio 
Hebe strictissima Koromiko 
Hoheria angustifolia Houhi puruhi (Lacebark) 
Kunzea ericoides 
Melicytus ramiflorus Mahoe (Whiteywood) 
Myoporum laetum Ngaio 
Myrsine australis Mapou (Red matipo) 
Myrsine divaricata (Weeping Matipo) 
Olearia aviecennifolia 
o. nummularifolia 
o. paniculata Akiraho (Golden Ake Ake) 
Pennantia corymbosa Kaikomako 
Phormium tenax Harakeke (Flax) 
Pittosporum eugenioides Tarata (Lemonwood) 
Pittosporum tennuifolium Kohuhu (Black matipo) 
Plagianthus regius Manatu (Ribbonwood) 
Poa cita 
Podocarpus dacrydiodes Kahikatea (White pine) 
Podocarpus totara Totara 
Pseudopanax arboreus Whauwhaupaku (Five finger) 
Solanum laciniatum Poroporo 
Sophora microphylla South Island Kowhai 
Teucridium parvifolium 
300 
100 
100 
100 
100 
100 
200 
100 
300 
450 
100 
300 
100 
300 
100 
100 
75 
450 
100 
300 
100 
100 
200 
200 
200 
150 
450 
300 
300 
75 
1000 
75 
75 
150 
300 
100 
150 
* . NB Maorl name follows botanical name, with common name in 
brackets. 
